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PREFACE. 


The  progress  of  modem  science,  especially  within 
the  last  five  years,  has  been  remarkable  for  a  ten- 
dency to  simplify  the  laws  of  nature,  and  to  unite 
detached  branches  by  general  principles.  In 
some  cases  identity  has  been  proved  where  there 
appeared  to  be  nothing  in  common,  as  in  the  elec- 
tric and  magnetic  influences ;  in  others,  as  that  of 
light  and  heat,  such  analogies  have  been  pointed 
out  as  to  justify  the  expectation,  that  they  will 
ultimately  be  referred  to  the  same  agent :  and  in 
all  there  exists  such  a  bond  of  union,  that  profi- 
ciency cannot  be  attained  in  any  one  without  a 
knowledge  of  others. 

Although  well  aware  that  a  far  more  extensive 
illustration  of  these  views  might  have  been  given, 
.the  author  hopes  that  enough  has  been  done  to 
show  the  connexion  of  the  physical  sciences. 


ERRATA. 

Page 

46.  Une  5,  for  "  ISth/'  read  "30th." 

56.  line  6  from  bottom,  for  **  diserepanciM.**  read  "  diacrepaacet." 

57,  for  lines  3d  and  4th.  read  "  give*  |  §  yVy  y  for  the  compreiaioQ 
deduced  from  arcs  of  the  meridian.'* 

59.  Note. — The  effect  of  local  attraction  on  the  pendnlom  is  so  great, 
that  it  has  rendered  the  experiments  made  with  that  instrument 
for  the  purpose  of  ascertaining  the  compression  of  the  earth  very 
uncertain.  Mr.  Baily.  Prrsident  of  the  Astronomical  Society,  has 
devoted  moch  attention  to  the  investigation  of  this  subject  Ho 
finds  that  the  experiments  of  Captain  Foster,  whose  early  loss  ia 
so  justly  lamented,  give  a  compression  of  f-g  ^»4T  *  those  of  Cap- 
tain Sabiue  give  yt  4*^7  *  ^*  mean  of  the  French  and  RussiaD 
experimenU  give  y^  J||,  .    from  the  mean  of  the  whole  Mr. 

Baily  deduces  the  compression  to  be  ^^  Y^'Tf  -    ^"'  ^^^°  ^^'  ^ 
not  conclusive. 
64. line  7.  for  "  9S246700."  read  "  95596400."— Une  8,  for  "  ninety- 
two,"  read  "  ninety.flve." 

i\rote.— If  the  computation  be  made  with  the  more  accurate  pa- 
rallax 8»-5776,  the  sun's  distance  U  95070500  miles. 

67,  line  8,  the  quantity  -nryB^-ft  \  \'  representing  the  compression 
of  Jupiter,  was  not  deduced  from  Encke's  comet,  but  from  the 
perturbations  of  Juna 

Note. — Professor  Airy  has  recently  determined  the  most  accu- 
rate estimation  of  the  value  of  the  mass  of  Jupiter  to  be  y^  ^l^.,^-^ 
dedviced  from  the  elongation  of  the  fourth  satellite :  he  has  also 
found  that  the  mass  of  the  whole  Jovial  system  is  ^-^  \\*1  0. 
showing  how  small  a  proportion  the  mass  of  the  satellites  bean  to 
that  of  the  planet. 

68.  Une  8.  for  •<  886860."  read  "  886953." 

88.  lines 7  and  8  from  bottom,  for  "  radius "  read  "diameter." 
99,  line  7.  for  "  poles,"  read  "  pole." 

128,  lines  1  and  S  from  bottom,  for  "  volume/*  and  "  volumes."  md 

"  atom"  and  "  atoms." 

129,  lines  1  and  3.  for  **  volumes"  and  "  volume."  read  "  atoms" 
and  "atom." 

132.  Une  9,  for  "  fh»ering,"  read  "  lera" 

144.  Une  11.  for  "  1090,"  read  "  1123." 

220.  line  3  from  bottom,  for  "  rays,"  read  **  images." 


SECTION   I. 

All  the  knowledge  we  possess  of  external  ob- 
jects is  founded  upon  cxi)erience,  which  furnishes 
facts;  and  the  comparison  of  these  facts  esta- 
blishes relations,  from  which  induction,  the  in- 
tuitive belief  that  like  causes  will  produce  like 
effects,  leads  to  general  laws.  Thus,  ex^Kirience 
teaches  that  bodies  fall  at  the  surface  of  the 
earth  with  an  accelerated  velocity,  and  ^ith  a 
force  proportional  to  their  masses.  By  comparison, 
Newton  proved  that  the  force  which  occasions  the 
fall  of  bodies  at  the  earth's  surface,  is  identical 
with  that  which  retains  the  m(K)n  in  her  orbit ; 
and  induction  led  him  to  conclude  that,  as  the 
moon  is  kept  in  her  orbit  by  the  attraction  of  the 
earth,  so  the  planets  might  be  retained  in  their 
orbits  by  the  attraction  of  the  sun.  By  such  steps 
he  was  led  to  the  discovery  of  one  of  those  powers 
with  which  the  Creator  has  ordained  that  matter 
should  reciprocally  act  upon  matter. 

Physical  astronomy  is  the  science  which  com- 
pares and  identifies  the  laws  of  motion  observed  on 
earth  with  the  motions  that  take  place  in   the 
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heavens ;  and  which  traces,  by  an  uninterrupted 
chain  of  deduction  from  the  great  principle  that 
governs  the  universe,  the  revolutions  and  rotations 
of  the  planets,  and  the  oscillations  of  the  fluids  at 
their  surfaces ;  and  which  estimates  the  changes  the 
system  has  hitherto  imdergone,  or  may  hereafter 
experience — changes  which  require  millions  of 
years  for  their  accomplishment. 

The  accumulated  efforts  of  astronomers,  from 
the  earliest  dawn  of  civilization,  have  been  neces- 
sary to  establish  the  mechanical  theory  of  astro- 
nomy. The  courses  of  the  planets  have  been  ob- 
served for  ages  with  a  degree  of  perseverance  that 
is  astonishing,  if  we  consider  the  imperfection  and 
even  the  want  of  instruments.  The  real  motions 
of  the  earth  have  been  separated  from  the  apparent 
motions  of  the  planets ;  the  laws  of  the  planetary 
revolutions  have  been  discovered;  and  the  disco- 
very of  these  laws  has  led  to  the  knowledge  of  the 
gravitation  of  matter.  On  the  other  hand,  de- 
scending from  the  principle  of  gravitation,  every 
motion  in  the  solar  system  has  been  so  completely 
explained,  that  the  account  of  no  astronomical 
phenomenon  can  now  be  transmitted  to  posterity 
of  which  the  laws  have  not  been  determined. 

Science,  regarded  as  the  pursuit  of  truth,  which 
can  only  be  attained  by  patient  and  unprejudiced 
iuvestigation,  wherein  nothing  is  too  great  to  be 
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attempted,  nothing  so  minute  as  to  be  justly  dtsra* 
garded,  must  ever  afford  occupation  of  consummate 
interest  and  subject  of  elevated  meditation.  The 
contemplation  of  the  works  of  creation  elevates  the 
mind  to  the  admiration  of  whatever  is  great  and  no- 
ble ;  accomplishing  the  object  of  all  study, — ^which, 
in  the  elegant  language  of  Sir  James  Macldntoah, 
^  is  to  inspire  the  love  of  trudi,  of  wisdom,  of  beauty, 
especially  of  goodness,  the  highest  beauty,  and  of 
that  supreme  and  eternal  Mind,  which  contains  all 
truth  and  wisdom,  all  beauty  and  goodness.  By 
the  love  or  delightful  contemplation  and  pmrsnk 
of  these  transcendent  aims,  for  their  own  sake  only, 
the  mind  of  man  is  raised  from  low  and  perishable 
objects,  and  prepared  for  those  high  destinies  whidi 
are  appointed  for  all  those  who  are  capable  of 
them.' 

The  heavens  afford  the  most  sublime  subject  of 
study  which  can  be  derived  from  science.  The 
magnitude  and  splendour  of  the  objects,  the  in* 
conceivable  rapidity  with  which  they  move,  and 
the  enormous  distances  between  them,  impress  ikm 
mind  with  some  notion  of  the  energy  that  main* 
tains  them  in  their  motions  with  a  durability  to 
which  we  can  see  no  limit.  Equally  conspicuon 
is  the  goodness  of  the  great  First  Cause,  in  having 
endowed  man  with  Acuities  by  which  he  can  not 
only  appredate  the  magnificence  of  His  woritt, 
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but  trace,  with  precision,  the  operation  of  his  laws ; 
use  the  globe  he  inhabits  as  a  base  wherewith  to 
measure  the  magnitude  and  distance  of  the  sim 
and  planets,  and  make  the  diameter  of  the  earth's 
orbit  the  first  step  of  a  scale  by  which  he  may  as- 
cend to  the  starry  firmament.  Such  pursuits,  while 
they  ennoble  the  mind,  at  the  same  time  inculcate 
humility,  by  showing  that  there  is  a  barrier  which 
no  energy,  mental  or  physical,  can  ever  enable  us 
to  pass :  that  however  profoundly  we  may  pene- 
trate the  depths  of  space,  there  still  remain  innu- 
merable systems,  compared  with  which  those  ap- 
parently so  vast  must  dwindle  into  insignificance, 
or  even  become  invisible ;  and  that  not  only  man, 
but  the  globe  he  inhabits, — nay,  the  whole  system 
of  which  it  forms  so  small  a  part, — might  be  an- 
nihilated, and  its  extinction  be  unperceived  in  the 
immensity  of  creation. 

Although  it  must  be  acknowledged  that  a  com- 
plete acquaintance  with  physical  astronomy  can  be 
attained  by  those  only  who  are  well  versed  in  the 
higher  branches  of  mathematical  and  mechanical 
science,  and  that  they  alone  can  appreciate  the  ex- 
treme beauty  of  the  results,  and  of  the  means  by 
which  these  results  are  obtained,  it  is  nevertheless 
true  that  a  sufficient  skill  in  analysis  to  follow  the 
general  outline, — to  see  the  mutual  dependence  of 
the  dififerent  parts  of  the  system,  and  to  compre- 
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hend  by  what  means  some  of  the  most  extraordi- 
nary  conclnsions  have  been  arrived  at, — is  within 
the  reach  of  many  who  shrink  from  the  task,  ap- 
palled by  difficulties,  which,  perhaps,  are  not  more 
formidable  than  those  incident  to  the  study  of  the 
elements  of  every  branch  of  knowledge ;  and  who 
possibly  overrate  them  from  disregarding  the  dis- 
tinction between  the  degree  of  mathematical  ac- 
quirement necessary  for  making  discoveries,  and 
that  which  is  requisite  for  imderstanding  what 
others  have  done.  That  the  study  of  mathematics, 
and  their  application  to  astronomy,  are  full  of  in- 
terest, will  be  allowed  by  all  who  have  devoted  their 
time  and  attention  to  these  pursuits;  and  they 
only  can  estimate  the  delight  of  arriving  at  the 
truths  they  disclose,  whether  it  be  in  the  discovery 
of  a  world  or  of  a  new  property  of  numbers. 

SECTION    II* 

It  has  been  proved  by  Newton,  that  a  particle 
of  matter,  placed  without  the  surface  of  a  hollow 
sphere,  is  attracted  by  it  in  the  same  manner  as  if 
the  mass  of  the  hollow  sphere,  or  the  whole  matter 
it  contains,  were  collected  in  its  centre.  The  same 
is,  therefore,  true  of  a  solid  sphere,  which  may  be 
supposed  to  consist* of  an  infinite  number  of  con- 
centric hollow  spheres.    This,  however,  \a  uqX.  i3qa 
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case  with  a  spheroid ;  but  the  celestial  bodies  are  so 
nearly  spherical,  and  at  such  remote  distances  from 
one  another,  that  they  attract  and  are  attracted  as 
if  each  were  a  dense  point  situate  in  its  centre  of 
gravity, — a  circumstance  which  greatly  facilitates 
the  investigation  of  their  motions. 

The  attraction  of  the  earth  on  bodies  at  its  sur* 
fece  in  that  latitude  the  square  of  whose  sine  is  ^, 
is  the  same  as  if  it  were  a  sphere;  and  experience 
shows  that  bodies  there  fall  through  16*0697  feet 
in  a  second.  The  mean  distance  of  the  moon  from 
the  earth  is  about  sixty  times  the  mean  radius  of 
the  earth.  When  the  number  16*0697  is  dimi- 
nished in  the  ratio  of  1  to  3600,  which  is  the 
square  of  the  moon's  distance  from  the  earth's 
centre,  it  is  found  to  be  exactly  the  space  the  moon 
would  fall  through  in  the  first  second  of  her  de- 
scent to  the  earth,  were  she  not  prevented  by  the 
centrifugal  force  arising  from  the  velocity  with 
which  ehe  moves  in  her  orbit ;  so  that  the  moon  is 
retained  in  her  orbit  by  a  force  having  the  same 
origin,  and  regulated  by  the  same  law,  with  that 
which  causes  a  stone  to  fall  at  the  earth's  surface. 
The  earth  may,  therefore,  be  regarded  as  the  centre 
of  a  force  which  extends  to  the  moon ;  and,  as  ex- 
perience shows  that  the  action  and  re-action  of 
matter  are  equal  and  contrary,  the  moon  must  at- 
tract the  earth  with  an.  e(\vial  and  contrary  force. 
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Newton  proved  that  a  body  projected  in  space 
will  move  in  a  conic  section,  if  it  be  attracted  by 
a  fonie  directed  towards  a  fixed  point,  and  having 
an  intensity  inversely  as  the  square  of  the  distaooe ; 
buib  that  any  deviation  from  that  law  will  cause  it 
to  move  in  a  curve  of  a  different  nature.  Kepler 
ascertained,  by  direct  observation,  that  the  planets 
describe  ellipses  roimd  the  sun ;  and  later  observa- 
tions show  that  comets  also  move  in  conic  sec- 
tions :  it  conse([uently  follows  that  the  sun  attracts 
all  the  planets  and  comets  inversely  as  the  square 
of  their  distances  from  hi&  centre ;  the  suu,  there- 
fore, is  the  centre  of  a  force  extending  iudciluitely 
in  space,  and  including  oU  the  bodies  of  the  sys- 
tem in  its  action. 

Kepler  also  deduced  from  observation,  that  the 
squares  of  the  periodic  times  of  the  planets,  or  the 
times  of  tlicir  revolutions  round  the  sun,  are  pro- 
portional to  the  cubes  of  their  mean  distances  from 
his  centre:  whence  it  follows  that  the  intensity 
of  gravitation  of  all  the  bodies  towards  the  biui  is 
the  same  at  equal  distances ;  consequently  gravi- 
tation is  proportional  to  the  masses,  fur,  if  the 
planets  and  comets  were  at  equal  distances  from 
tlie  sun,  and  left  to  the  effects  of  gravity,  they  would 
arrive  at  his  surface  at  the  same  time.  The  sa- 
tellites also  gravitate  to  their  primaries  according 
to  the  same  law  that  their  primaries  do  l^  \][^%>^» 
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Hence,  by  the  law  of  action  and  re-action,  each 
body  is  itself  the  centre  of  an  attractive  force  ex- 
tending indefinitely  in  space,  whence  proceed  all 
the  mutual  disturbances  which  render  the  celestial 
motions  so  complicated,  and  their  investigation  so 
difficult. 

The  gravitation  of  matter,  directed  to  a  centre, 
and  attracting  directly  as  the  mass  and  inversely 
as  the  square  of  the  distance,  does  not  belong  to 
it  when  considered  in  mass  only ;  particle  acts  on 
particle  according  to  the  same  law  when  at  sensible 
distances  from  each  other.  If  the  sun  acted  on  the 
centre  of  the  earth  without  attracting  each  of  its 
particles,  the  tides  would  be  very  much  greater 
than  they  now  are ;  and  would  also,  in  other  re- 
spects, be  very  different.  The  gravitation  of  the 
earth  to  the  sun  results  from  the  gravitation  of 
all  its  particles,  which,  in  their  turn,  attract  the 
sun  in  the  ratio  of  their  respective  masses.  There 
is  a  reciprocal  action  likewise  between  the  earth 
and  every  particle  at  its  surface;  were  this  not 
the  case,  and  were  any  portion  of  the  earth,  how- 
ever small,  to  attract  another  portion,  and  not  be 
itself  attracted,  the  centre  of  gravity  of  the  earth 
would  be  moved  in  space  by  this  action,  which  is 
impossible. 

The  forms  of  the  planets  result  from  the  reci- 
procal attraction  of  their  component  particles.     A 
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detached  fluid  mass,  if  at  rest,  would  assume  the 
form  of  a  sphere,  from  the  reciprocal  attraction  of 
its  particles;   hut  if  the  mass  revolves  ahout  an 
axis,  it  becomes  flattened  at  the  poles,  and  bulges 
at  the  equator,  in  consequence  of  the  centrifugal 
force  arising   from  the  velocity  of  rotation, — for 
the  centrifugal  force  diminishes  the  gravity  of  the 
particles  at  the  equator,  and  equilibrium  can  only 
exist  where  these  two  forces  are  balanced  by  an 
increase  of  gravity;    therefore,  as  the  attractive 
force  is  the  same  in  all  particles  at  equal  distances 
from  the  centre  of  a  sphere,  the  equatorial  particles 
would  recede  from  the  centre,  till  their  increase  in 
number  balanced  the  centrifugal  force  by  their 
attraction :  consequently,  the  sphere  would  become 
an  oblate  spheroid ;  and  a  fluid  partially  or  entirely 
covering  a  solid,  as  the  ocean  and  atmosphere  cover 
the  earth,  must  assume  that  form  in  order  to  re- 
main in  equilibrio.  The  surface  of  the  sea  is  there- 
fore spheroidal,  and  the  surface  of  the  earth  only 
deviates  from  that  figure  where  it  rises  above,  or 
sinks  below,  the  level  of  the  sea ;  but  the  deviation 
is  so  small  that  it  is  unimportant  when  compared 
with  the  magnitude  of  the  earth — for  the  mighty 
chain  of  the  Andes,  and  the  yet  more  lofty  Hima- 
laya, bear  about  the  same  proportion  to  the  earth 
that  a  grain  of  sand  does  to  a  globe  three  feet  in 
diameter.     Such  is  the  form  of  the  earth   and 
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planets ;  but  die^  compression  or  flattening  at  their 
poles  is  so  smaU,  tiiat  even  Jupiter,  whose  rotation 
is  the  most  rapid,  and  therefore  the  most  elliptical 
of  the  planets,  may,  firom  his  great  distance,  be 
regarded  as  sphericaL  Although  the  planets  attract 
each  other  as  if  they  were  spheres,  on  account  of 
their  distances,  yet  the  satellites  are  near  enough 
to  be  sensibly  ajQfected  in  their  motions  by  the 
forms  of  their  primaries.  The  moon,  for  example, 
is  so  near  the  earth,  that  the  reciprocal  attraction 
between  each  of  hei;  particles,  and  each  of  the  par- 
ticles in  the  prominent  mass  at  the  terrestrial  equa- 
tor, occasions  considerable  disturbances  in  the  mo- 
tions of  both  bodies :  for  the  action  of  the  mooo, 
on  the  matter  at  the  earth's  equator,  produces  a 
nutation  in  the  axis  of  rotation,,  and  the  reaction 
of  that  matter  on  the  moon  is  the  cause  of  a  cor- 
responding  nutation  in  the  lunar  orbit* 

If  a  sphere^  at  rest  in  space,  receive  an  impulse 
passing  through  its  centre  of  gravity,  all  its  parts 
will  move  with  an  equal  velocity  in  a  straight  line; 
but  if  the  impulse  does  not  pass  through  the  centre 
of  gravity,  its  particles,  having  unequal  velocities, 
will  have  a  rotatory  motion  at  the  same  time  that 
it  is  translated  in  space.  These  motions  are  inde- 
pendent of  one  another ;  so  that  a  contrary  impulse, 
passing  through  its  centre  of  gravity,  will  impede 
its-  progress,  without  inteiibring  with  its  rotatton. 
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As  the  son  rotelei  about  an  asiS).itaeein8  probable^ 
if  an  impulae  in  a  contrary  direction  haa  not  been 
given  to  hia  centre  of  gravity,  that  he  moves  is 
space,  accompanied  by  all  those  bodies  which  com* 
poae  the  solar  system — a  circumstance  which  would 
in  no  way  interfere  with  their  relative  motions ; 
for,  in  consequence  of  the  princi])le  that  force  ia 
proportional  to  velocity,  the  reciprocal  attractioii 
of  a  system  remain  the  same,  whether  its  centre  of 
gravity  be  at  rest,  or  moving  uniformly  in  Bpaoa. 
It  is  computed  that  liad  the  earth  received  its  mo» 
tion  from  a  single  impulse,  such  impulse  must  have 
passed  through  a  point  about  twenty-five  miles 
from  its  centre. 

Since  the  motions  of  rotation  and  translation  ol 
the  planeta  are  independent  of  each  other,  though 
probably  communicated  by  the  same  impulse,  th^ 
form  separate  subjects' of  investigation. 


aXCTION   III. 

A  planet  moves  in  its  elliptical  orbit  with  a  ve* 
locity  varying  every  instant,  in  consequence  of  two 
forces,  one  tending  to  the  centre  of  the  sun,  and 
the  other  in  the  direction  of  a  tangent  to  its  orbit, 
arising  from  the  primitive  impulse  given  at  the 
time  when  it  was  launched  into  space :  abouid.  ticts^ 
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force  in  the  tangent  cease,  the  planet  would  fall  to 
the  sun  by  its  gravity ;  were  the  sun  not  to  attract 
it,  the  planet  would  fly  off  in  the  tangent.  Thus, 
when  the  planet  is  in  aphelion,  or  at  the  point 
where  the  orbit  is  farthest  from  the  sun,  his  action 
overcomes  the  planet's  velocity,  and  brings  it  to- 
wards him  with  such  an  accelerated  motion,  that, 
at  last,  it  overcomes  the  sun's  attraction,  and, 
shooting  past  him,  gradually  decreases  in  velocity, 
until  it  arrives  at  the  aphelion  where  the  sun's  at- 
traction again  prevails.  In  this  motion  the  radii 
vectoresy  or  imaginary  lines  joining  the  centres  of 
the  sun  and  the  planets,  pass  over  equal  areas  in 
equal  times. 

If  the  planets  were  attracted  by  the  sun  only, 
this  would  ever  be  their  course ;  and  because  his 
action  is  proportional  to  his  mass,  which  is  much 
larger  than  that  of  all  the  planets  put  together,  the 
elliptical  is  the  nearest  approximation  to  their  true 
motions,  which  are  extremely  complicated,  in  con- 
sequence of  their  mutual  attraction,  so  that  they  do 
not  move  in  any  known  or  symmetrical  curve,  but 
in  paths  now  approaching  to,  now  receding  from, 
the  elliptical  form ;  and  their  radii  vectores  do  not 
describe  areas  exactly  proportional  to  the  time. 
Thus  the  areas  become  a  test  of  disturbing  forces. 

To  determine  the  motion  of  each  body,  when 
disturbed  by  all  the  rest,  is  beyond  the  power  of 
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mnalysis ;  it  is,  therefore,  necessary  to  estimate  the 
disturbiug  action  of  one  planet  at  a  time,  whence 
the  celebrated  problem  of  the  three  bodies,  origi- 
nally applied  to  the  moon,  the  earth,  and  the  sun 
— ^namely,  the  masses  being  given  of  three  bodies 
projected  from  three  given  points,  with  velocities 
given  both  in  quantity  and  direction ;  and,  sup- 
posing the  bodies  to  gravitate  to  one  another  with 
forces  that  are  directly  as  their  masses  and  inversely 
as  the  squares  of  the  distances,  to  find  the  lines 
described  by  these  bodies,  and  their  positions  at  any 
given  instant. 

By  this  problem  the  motions  of  translation  of  all 
the  celestial  bodies  are  determined.  It  is  an  ex- 
tremely difficult  one,  and  would  be  infinitely  more 
so,  if  the  disturbing  action  were  not  very  small 
when  compared  mth  the  central  force.  As  the  dis- 
turbing influence  of  each  body  may  be  found  sepa- 
rately, it  is  assumed  that  the  action  of  the  whole 
system,  in  disturbing  any  one  planet,  is  equal  to 
the  sum  of  all  the  particular  disturbances  it  expe- 
riences, on  the  general  mechanical  principle,  that 
the  sum  of  any  number  of  small  oscillations  is 
nearly  equal  to  their  simultaneous  and  joint  eflect 

On  account  of  the  reciprocal  action  of  matter,  the 
stability  of  the  system  depends  upon  the  intensity 
of  the  primitive  momentum  of  the  planets,  and  the 
ratio  of  their  masses  to  that  of  the  sun — ^for  the 
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nature  of  the  (ionic  sections  in  which  the  celestial 
bodies  move,  depends  upon  the  velocity  with  which 
they  were  first  propelled  in  space :  had  that  velo- 
city been  mich  as  to  make  the  planets  move  in 
orbits  of  unstable  equilibrium,  their  mutual  attrae* 
tions  might  have  changed  them  into  parabolas^  or 
even  hyperbolas,  so  that  the  earth  and  planets 
might,  ages  ago,  have  been  sweeping  far  from  our 
sun  through  t^e  abyss  of  space :  but  as  the  orbits 
differ  very  little  from  circles,  the  momentum  of 
the  planets,  when  projected,  must  have  been  exactly 
suiHcient  to  ensure  the  permanency  and  stability  of 
the  syi^tem.   Besides,  the  mass  of  the  sim  is  vastly 
greater  than  that  of  any  planet ;  and  as  their  ine- 
qualities bear  the  same  ratio  to  their  elliptical  mo- 
tions as  their  masses  do  to  that  of  the  sun,  their 
mutual  disturbances  only  increase  or  diminish  the 
eccentricities  of  their  orbits  by  very  minute  quanti- 
ties ;  consequently,  the  magnitude  of  the  sun's  mass 
is  the  iprincipal  cause  of  the  stability  of  the  system. 
There  is  not  in  the  physical  world  a  more  splendid 
example  of  the  adaptation  of  means  to  the  acconi* 
plishment  of  the  end,  than  is  exhibited  in  the  nice 
adjustment  of  these  forces,  at  once  the  cause  of 
the  variety  and  of  the  order  of  Nature. 

The  mean  distance  of  a  planet  from  the  sun  is 
equal  to  half  the  major  axis  of  its  orbit :  if,  thiere- 
fate,  the  planet  described  a  circle  round  the  sun  at 
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ite  mean  du^nce,  the  motian  wovdd  be  unifonii, 
andtlie  periodic  time  mialtered,  because  the  planet 
would  arrive  at  the  apsides  or  extremities  of  the 
major  axis  at  the  same  instant,  and  would  have  the 
same  velocity,  whether  it  moved  in  the  circular  or 
elliptical  orbit,  since  the  curves  coincide  in  these 
points ;  but,  in  every  other  part,  the  elliptical  mo* 
tion  would  either  be  hster  or  slower  than  the  cir- 
cular  or  mean  motion.  The  difference  between  the 
two  is  called  the  equation  of  the  centre,  which  con- 
sequently vanishes  at  the  apsides,  and  is  at  its 
maximum  ninety  degrees  distant  from  these  points, 
or  in  quadratures,  where  it  measures  the  eccentri- 
city of  the  orbit,  so  that  the  place  of  a  planet  in  its 
elliptical  orbit  is  obtained  by  adding  or  subtracting 
the  equation  of  the  centre  to  or  from  its  mean 
motion. 

The  orbits  of  the  planets  have  a  very  small  in- 
clination to  the  plane  of  the  ecliptic  in  which  the 
earth  moves ;  and,  on  that  account,  astronomers  re- 
fer their  motions  to  this  plane  at  a  given  epoch  as  a 
known  and  fixed  position.  The  paths  of  the  planets, 
when  their  mutual  disturbances  are  omitted,  are 
ellipses,  nearly  approaching  to  circles,  whose  planes, 
slightly  inclined  to  the  ecliptic,  cut  it  in  straight 
lines  passing  through  the  centre  of  the  sun ;  the 
points  where  an  orbit  intersects  the  plane  of  the 
ecliptic  are  its  nodes.    The  asceudin;^  nodft  ol  ^^ 
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lunar  orbit,  for  example,  is  the  point  in  which  the 
moon  rises  above  the  plane  of  the  ecliptic  in  going 
towards  the  north ;  and  her  descending  node  is  that 
in  which  she  sinks  below  the  same  plane  in  mov- 
ing towards  the  south.  The  orbits  of  the  recently 
discovered  planets  deviate  more  from  the  ecliptic 
than  those  of  the  ancient  planets :  that  of  Pallas, 
for  instance,  has  an  inclination  of  35°  to  it ;  on 
which  account  it  is  more  difficult  to  determine 
their  motions.  These  little  planets  have  no  sen- 
sible effect  in  disturbing  the  rest,  though  their 
own  motions  are  rendered  very  irregular  by  the 
proximity  of  Jupiter  and  Saturn. 

SECTION  IV. 

The  planets  are  subject  to  disturbances  of  two 
kinds,  both  resulting  from  the  constant  operation 
of  their  reciprocal  attraction ;  one  kind,  depending 
upon  their  positions  with  regard  to  each  other, 
begins  from  zero,  increases  to  a  maximum,  de- 
creases and  becomes  zero  again,  when  the  planets 
return  to  the  same  relative  positions.  In  conse- 
quence of  these,  the  disturbed  planet  is  sometimes 
drawn  away  from  the  sun,  sometimes  brought  nearer 
to  him  ;  at  one  time  it  is  drawn  above  the  plane  of 
its  orbit,  at  another  time  below  it,  according  to  the 
position  of  the  disturbing  body.  All  such  changes, 
being  accomplished  in  short  periods,  some  in  a  few 
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months,  others  in  years,  or  in  hundreds  of  yean, 
are  denominated  Periodic  Inequalities. 

The  inequalities  of  the  other  kind,  though  occa* 
noned  likewise  by  the  disturbing  energy  of  the 
planets,  are  entirely  independent  of  their  relative 
positions :  they  depend  upon  the  relative  positions  of 
the  orbits  alone,  whose  forms  and  places  in  sjiaoe 
are  altered  by  very  minute  quantities  in  immense 
periods  of  time,  and  are,  therefore,  called  Secular 
Inequalities. 

In  consequence  of  the  latter  kind  of  disturbances, 
the  apsides,  or  extremities  of  the  major  axes  of  all 
the  orbits,  have  a  direct  but  variable  motion  in 
space,  excepting  those  of  the  orbit  of  Venus,  whidi 
are  retrograde ;  and  the  lines  of  the  nodes  move 
with  a  variable  velocity  in  a  contrary  direction.  The 
motions  of  both  are  extremely  slow;  it  requires  more 
than  114755  years  for  the  major  axis  of  the  earth's 
orbit  to  accomplish  a  sidereal  revolution,  that  is,  to 
return  to  the  same  stars;  and  21067  years  to 
complete  its  tropical  motion,  or  to  return  to  the 
same  equinox.  The  major  axis  of  Jupiter's  orbit 
requires  no  less  than  200610  years  to  perform  its 
sidereal  revolution,  and  22748  years  to  accomplish 
its  tropical  revolution,  from  the  disturbing  action 
of  Saturn  abne.  The  periods  in  which  the  nodes 
revolve  are  also  very  great.  Besides  these,  the 
inclination  and  eccentricity  of  every  orbit  ttxe  m  % 
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state  of  petpetual  but  slow  change.  At  the  present 
time  the  inclinations  of  all  the  orbits  are  decrease 
ing,  but  so  slowly  that  the  inclination  of  Jupiter's 
orbit  is  only  about  six  minutes  less  now  than  it 
was  in  the  age  of  Ptolemy-  The  terrestrial  eccen- 
tricity is  decreasing  at  the  rate  of  about  41*44 
miles  annually;  and,  if  it  were  to  decrease  equa- 
bly, it  would  be  37527  years  before  the  earth's 
orbit  became  a  circle.  But,  in  the  midst  of  all 
these  vicissitudes,  the  major  axes  and  mean  motions 
of  the  planets  remain  permanently  independent  of 
secular  changes ;  they  are  so  connected  by  Kepler's 
laiw  of  the  squares  of  the  periodic  times  being  pro- 
portional to  the  cubes  of  the  mean  distances  of  the 
planets  from  the  sun,  that  one  cannot  vary  without 
affecting  the  other. 

With  the  exception  of  these  two  elements,  it 
appears  that  all  the  bodies  are  in  motion,  and 
every  orbit  in  a  state  of  perpetual  change.  Mi'- 
nute  as  these  changes  are,  they  might  be  supposed 
to  accumulate  in  the  course  of  ages  sufficiently  to 
derange  the  whole  order  of  nature,  to  alter  the  re- 
lative positions  of  the  planets,  to  put  an  end  to  the 
vicissitudes  of  the  seasons,  and  to  bring  about 
collisions  which  would  involve  our  whole  system, 
now  so  harmonious,  in  chaotic  confusion.  It  is 
natural  to  inquire  what  proof  exists  that  nature  will 
be  preserved  from  such  a  catastrophe  ?    Notbipg 
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can  he  knonsm  from  obserration,  since  the  existence 
of  the  human  race  hiis  occupied  comparatively  hut 
a  point  in  duration,  vrhilc  these  vicissitudes  cmhracc 
knyriads  of  ages.  The  proof  is  simple  and  onvinc- 
ing.    All  the  variations  of  the  solar  system,  socular 
as  "Well  as  periodic,  arc  expressed  analytically  by  the 
sines  and  cosines  of  circular  ltcs,  v.hich  increase 
with  the  time ;  and,  as  a  sine  or  cosine  can  never 
exceed  the  radius,  but  must  oFcillatc  between  zero 
and  unity,  however  much  the  time  may  iiicrease, 
it  follows  that  when  the  viiriitions  liave,  by  slow 
changes,  accumulated,  in  hov.cver  long  a  time,  to 
a  maximum,   they  decrease,  by  the  same  slow 
degrees,  till  they  arrive  at  their  smallest  value,  and 
again  begin  a  new  course,  tlnis  for  ever  oseiUating 
about  a  mean  value.     Tliis,  however,  would   not 
be  the  cr.se  if  the  planets  moved  in  a  resisting 
medium,  for  then  both  the  eccentricitv  aivl  the 
major  axes  of  the  orbits  would  var\*  with  tlie  time, 
so  that  the  stability  of  the  system  would  be  ulti- 
mately destroyed.    The  existence  of  such  a  fluid 
is  now  clearly  proved ;  and  although  it  is  eo  ex- 
tremely rare  that  hitherto  its  effects  on  the  motions 
of  the  planets  have  been   altogether  insensible, 
there  can  be  no  doubt  that,  in  the  immensity  of 
time,  it  will  modify  the  forms   of  the  planetary 
orbits,  and  may  at  last  even  cause  the  destnictioii 

c  2 
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of  our  system,  which  in  itself  contains  no  prin- 
ciple of  decay. 

Three  circumstances  have  generally  been  sup- 
posed necessary  to  prove  the  stability  of  the  sys- 
tem :  the  small  eccentricities  of  the  planetary  orbits, 
their  small  inclinations,  and  the  revolutions  of  al} 
the  bodies,  as  well  planets  as  satellites,  in  the 
same  direction.  These,  however,  though  sufficient, 
are  not  necessary  conditions ;  the  periodicity  of  the 
terms  in  which  the  inequalities  are  expressed  is 
enough  to  assure  us  that,  though  we  do  not  know 
the  extent  of  the  limits,  nor  the  period  of  that  grand 
cycle  which  probably  embraces  millions  of  years, 
yet  they  never  will  exceed  what  is  requisite  for  the 
stability  and  harmony  of  the  whole,  for  the  pre- 
servation of  which  every  circumstance  is  so  beauti- 
fully and  iYonderfully  adapted. 

The  plane  of  the  ecliptic  itself,  though  assumed 
to  be  fixed  at  a  given  epoch  for  the  convenience  of 
astronomical  computation,  is  subject  to  a  minute 
secular  variation  of  45"' 7,  occasioned  by  the  re- 
ciprocal action  of  the  planets ;  but,  as  this  is  also 
periodical,  and  cannot  exceed  3^,  the  terrestrial 
equator,  which  is  inclined  to  it  at  an  angle  of  about 
23®  27'  34"-5,  will  never  coincide  with  the  plane 
of  the  ecliptic :  so  there  never  can  be  perpetual 
spring.    The  rotation  of  the  earth  is  uniform; 
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therefore  day  and  night,  summer  and  winter,  will 
continue  their  vicissitudes  while  the  system  endures, 
or  is  undisturbed  by  foreign  causes. 

Yonder  ttany  sphere 
Of  pUneu,  and  of  fixed,  in  all  her  wheels 
BesamUet  nearest  mascs  intricate, 
Eooentric,  interrolved,  yet  regular, 
Then  mott,  when  most  irregular  they  seem. 

The  stability  of  our  system  was  established  by 
La  Grange :  *  a  discovery,*  says  Professor  Play- 
fur,  *  that  must  render  the  name  for  ever  memo« 
rable  in  science,  and  revered  by  those  who  delight 
in  the  contemplation  of  whatever  is  excellent  and 
sublime.*  After  Newton's  discovery  of  the  me- 
chanical laws  of  the  elliptical  orbits  of  the  planets. 
La  Grange's  discovery  of  their  periodical  inequali- 
ties is,  without  doubt,  the  noblest  truth  in  physical 
astronomy ;  and,  in  respect  of  the  doctrine  of  final 
causes,  it  may  be  regarded  as  the  greatest  of  all. 

Notwithstanding  the  permanency  of  ovx  system, 
tiie  secular  variations  in  the  planetary  orbits  would 
have  been  extremely  embarrassuig  to  astronomers 
when  it  became  necessary  to  compare  observations 
separated  by  long  periods.  The  difficulty  was  in 
part  obviated,  and  the  principle  for  accomplish- 
ing it  established,  by  La  Place ;  but  it  has  since 
been  extended  by  M.  Poinsot;  it  appears  that 
there  exists  an  invariable  plane  passing  thxoxxi^Vi 
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Ifae  centre  of  gravity  of  the  system,  about  wludi 
the  whole  oscillate  within  very  narrow  limits,  axi4 
that  this  plane  will  always  remain  parallel  to  itself 
whatever  changes  time  may  induce  in  the  orbits  of 
the  planets,  in  the  plane  of  the  ecliptic,  or  even  in 
the  law  of  gravitation ;  provided  only  t^at  our  sys- 
tem remains  unconnected  with  any  other.     The 
position  of  the  plane  is  determined  by  this  property 
— that  if  each  particle  in  the  system  be  multiplied 
by  the  area  described  upon  this  plane  in  a  given 
time,  by  the  projection  of  its  radius  vector  about 
the  common  centre  of  gravity  of  the  whole,  the 
sum  of  all  these  products  will  be  a  maximimi.   La 
Place  found  that  the  plane  in  question  is  inclined 
tp  the  ecliptic  at  an  angle  of  nearly  1°  35'  31'', 
and  that,  in  passing  through  the  sun,  and  about 
midway  between  the  orbits  of  Jupiter  and  Saturn, 
it  may  b&  regarded  as  the  equator  of  the  solar 
system,  dividing  it  into  two  parts,  whidi  balanoe 
c^e  another  in  bR  their  motions.    This  plane  of 
greatest  inertia,  by  no  means  peculiar  to  the  solaor 
system,  but  existing  in  every  system  of  bodies  sub- 
mitted to  their  mutual   attractions  only,   fdwaya 
maintains  a  fixed  position,  whence  the  oscilla- 
tions of  the  system  may  be   estimated  through 
unlimited  time.    Future  astronomers  will  know,. 
ftam  its  immutability  or  variation,  whether  the 
sun  and  his  attendants  are  connected  or  not  with. 
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the  otber  svsteins  of  the  univene.  Should  there 
oe  no  link  between  them,  it  may  be  inferred^  from 
the  rotation  of  the  sun,  that  the  centie  of  gravi^ 
of  the  system  situate  within  his  mass  describes  a 
straight  line  in  this  invariable  plane  or  great 
equator  oi  the  solar  system,  wliich,  unaffected  by 
the  changes  of  time,  will  maintain  its  stability 
through  endless  ages.  But  if  the  fixed  stars, 
comets,  or  any  unknown  and  uiiseen  bodies,  al&ct 
our  sun  and  planets,  the  nodes  of  this  plane  will 
slowly  recede  on  the  plane  of  that  immense  orbit 
which  the  sun  may  describe  about  some  most  dis- 
tant centre,  in  a  period  which  it  transcends  the 
powers  of  man  to  determine.  There  is  every  rea- 
son to  believe  that  this  is  the  case ;  for  it  is  more 
than  probable  that,  remote  as  the  fixed  stars  are, 
they  in  some  degree  influence  our  system,  and 
that  even  the  invaiiability  of  tliis  plane  is  relative, 
only  appearing  fixed  to  creatures  inca})able  of  esti- 
mating its  minute  and  slow  changes  during  the 
small  extent  of  time  and  space  granted  to  the 
human  race.  ^  The  development  of  such  cimnges,' 
as  M.  Poiasot  justly  observes,  'is  similar  to  sm 
enormous  curve,  of  which  we  see  so  small  an  aic 
that  we  imagine  it  to  be  a  straight  line.'  If  we 
laise  our  views  to  the  whole  extent  of  the  universe, 
and  consider  the  stars,  together  with  the  sim,  to 
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be  wandering  bodies,  revolving  about  the  common 
centre  of  creation,  we  may  then  recognise  in  the 
equatorial  plane  passing  through  the  centre  of 
gravity  of  the  universe,  the  only  instance  of  abso- 
lute and  eternal  repose. 

All  the  periodic  and  secular  inequalities  deduced 
from  the  law  of  gravitation  are  so  perfectly  con- 
firmed by  observation,  that  analysis  has  become  one 
of  the  most  certain  means  of  discovering  the  plane- 
tary irregularities,  either  when  they  are  too  small, 
or  too  long  in  their  periods,  to  be  detected  by  other 
methods.  Jupiter  and  Saturn,  however,  exhibit 
inequalities  which  for  a  long  time  seemed  discordant 
with  that  law.  All  observations,  from  those  of  the 
Chinese  and  Arabs  down  to  the  present  day,  prove 
that  for  ages  the  mean  motions  of  Jupiter  and 
Satinrn  have  been  affected  by  a  great  inequality  of 
a  very  long  period,  forming  an  apparent  anomaly 
in  the  theory  of  the  planets.  It  was  long  known 
by  observation  that  five  times  the  mean  motion  of 
Saturn  is  nearly  equal  to  twice  that  of  Jupiter ;  a 
relation  which  the  sagacity  of  La  Place  perceived 
to  be  the  cause  of  a  periodic  irregularity  in  the 
mean  motion  of  each  of  these  planets,  which  com- 
pletes its  period  in  nearly  929  years,  the  one  being 
retarded  while  the  other  is  accelerated ;  but  both 
the  magnitude  and  period  of  these  quantities  vary, 
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in  consequence  of  the  secular  variations  in  the  ele- 
ments of  the  orbits.  These  inequalities  are  strictly 
periodical,  since  they  depend  upon  the  configura- 
tion of  the  two  planets ;  and  the  theory  is  perfectly 
confirmed  by  observation,  which  shows  that,  in  the 
course  of  twenty  centuries,  Jupiter's  mean  motion 
has  been  accelerated  by  about  3^  23',  and  Saturn's 
retarded  by  5®  13'. 

It  might  be  imagined  that  the  reciprocal  action 
of  such  planets  as  have  satellites  would  be 
different  from  the  influence  of  those  that  have 
none ;  but  the  distances  of  the  satellites  from  their 
primaries  are  incomparably  less  than  the  distances 
of  the  planets  from  the  sun,  and  from  one  another ; 
so  that  the  system  of  a  planet  and  its  satellites 
moves  nearly  as  if  all  these  bodies  were  united  in 
their  common  centre  of  gravity  :  the  action  of  the 
sun,  however,  in  some  degree  disturbs  the  motion 
of  the  satdlites  about  their  primary. 

SECTION   V. 

The  changes  which  take  place  in  the  planetary 
system  are  exhibited  on  a  smaller  scale  by  Jupiter 
and  his  satellites :  and,  as  the  period  requisite  for 
the  development  of  the  inequalities  of  these  little 
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moons  OBly  extends  to  a  &w  centuries,  it  may  be 
DBgarded  as  an  epitome  of  that  grand  cycle  wIugIl 
vill  not  be  accomplished  by  the  planets  in  myriads 
of  ages.  The  revolutions  of  the  satellites  about 
Jupiter  are  precisely  similar  to  those  of  the  planets 
about  the  sun :  it  m  true  they  are  disturbed  by  the 
sun,  but  his  distance  is  so  great,  that  their  motions 
are  nearly  the  same  as  if  they  were  not  \mder  his 
influence.  The  satellites,  like  the  planets,  were 
probably  projected  in  elliptical  orbits,  but  the  com- 
pression of  Jupiter's  spheroid  is  very  great  in  con- 
sequence of  his  rapid  rotation ;  and  as  the  masses 
of  the  satellites,  are  nearly  100000  times  less  than 
that  of  Jupiter,  the  immense  quantity  of  prominent 
matter  at  his  equator  must  soon  have  given  the 
circular  form  observed  in  the  orbits  of  the  first  and 
second  satellites,  which  its  superior  attraction  will 
always  maintain.  The  third  and  fourth  satellites 
being  farther  removed  from  its  influence,  move  in 
orbits  with  a  very  small  eccentricity.  The  same 
cause  occasions  the  orbits  of  the  satellites  to  remain 
nearly  in  the  plane  of  Jupiter's  equator,  on  account 
of  which  they  are  always  seen  nearly  in  the  same 
line ;  and  the  powerful  action  of  that  quantity  of 
prominent  matter  is  the  reason  why  the  motions  of 
the  nodes  of  these  small  bodies  is  so  much  more 
rapid  than  those  of  the  planet.    The  nodes  of  the 
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S31  jaan,  while  thoie  of  Jupiter's  orbit  lequire  no 
Ibbs  than  96361  yeaon^— a  proof  of  the  recipiocil 
flCtraotion  betwoeu  eadi  portide  of  Jupiter's  equa- 
tor and  of  the  Mtellites.  Although  die  two  first 
satdlifees  eensibly  move  in  dndes,  tibey  acquire  a 
small  eDipddty  from  the  disturbances  they  ex* 


The  orbits  of  the  satellites  do  not  retain  a  per* 
manent  indination  either  to  the  plane  of  Jupiter's 
equator  or  to  diat  of  his  oibit,  but  to  certain  planes 
passing  between  the  two,  and  through  their  inteiw 
sectian;  these  have  a  greater  inclination  to  his 
equator  the  fiurther  the  satellite  is  removed,  owing 
to  the  influence  of  Jupiter's  compression,  and  they 
have  a  slow  motion  corresponding  to  secular  varia- 
fions  in  the  planes  of  Jupiter's  orbit  and  equator. 

The  satellites  are  not  only  subject  to  periodic  and 
secular  inequalities  firom  their  mutual  attraction, 
similar  to  those  which  affect  the  motions  and  orbits 
oi  the  planets,  but  also  to  others  peculiar  to  them- 
selves. Of  the  periodic  inequalities  arising  from 
&eir  mutual  attraction  the  most  remarkable  take 
place  in  the  angular  motions  of  the  three  nearest 
to  Jupiter,  the  second  of  which  receives  from  the 
first  a  perturbation  similar  to  that  which  it  pro- 
duces in  the  third;  and  it  experiences  from  the 
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third  a  perturbation  similar  to  that  which  it  com- 
municates to  the  first.  In  the  eclipses  these  two 
inequalities  are  combined  into  one,  whose  period 
is  437-659'^y'-  The  variations  peculiar  to  the 
satellites  arise  from  the  secular  inequalities  occa- 
sioned by  the  action  of  the  planets  in  the  form  and 
position  of  Jupiter's  orbit,  and  from  the  displace- 
ment of  his  equator.  It  is  obvious  that  whatever 
alters  the  relative  positions  of  the  sun,  Jupiter,  and 
his  satellites,  must  occasion  a  change  in  the  direc- 
tions and  intensities  of  the  forces,  which  will 
affect  the  motions  and  orbits  of  the  satellites.  For 
this  reason  the  secular  variations  in  the  eccentricity 
of  Jupiter's  orbit,  occasion  secular  inequalities  in 
the  mean  motions  of  the  sateUites,  and  in  the  mo- 
tions of  the  nodes  and  apsides  of  their  orbits.  The 
displacement  of  the  orbit  of  Jupiter,  and  the  varia- 
tion in  the  position  of  his  equator,  also  affect  these 
small  bodies.  The  plane  of  Jupiter's  equator  is 
inclined  to  the  plane  of  his  orbit,  so  that  the  action 
of  the  sun  and  of  the  satellites  themselves  produces 
a  nutation  and  precession  in  his  equator,  precisely 
similar  to  that  which  takes  place  in  the  rotation  of 
the  earth,  from  the  action  of  the  sun  and  moon, 
whence  the  protuberant  matter  at  Jupiter's  equator 
is  continually  changing  its  position  with  regard  to 
the  satellites,  and  produces  corresponding  muta- 
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tions  in  their  motions ;  and,  as  the  cause  must  be 
proportional  to  the  effect,  these  inequalities  afford 
the  means,  not  only  of  ascertaining  the  compression 
of  Jupiter's  spheroid,  but  they  prove  that  his  mass 
is  not  homogeneous.  Although  the  apparent  dia- 
meters of  the  satellites  are  too  small  to  be  mea- 
sured, yet  their  pertiurbations  give  the  values  of 
their  masses  with  considerable  accuracy, — a  striking 
proof  of  the  power  of  analysis. 

A  singular  law  obtains  among  the  mean  motions 
and  mean  longitudes  of  the  three  first  satellites. 
It  appears  from  observation  that  the  mean  motion 
of  the  first  satellite,  plus  twice  that  of  the  third,  is 
equal  to  three  times  that  of  the  second ;  and  that 
the  mean  longitude  of  the  first  satellite,  minus  three 
times  that  of  the  second,  plus  twice  that  of  the 
third,  is  always  equal  to  two  right  angles.  It  is 
proved  by  theory,  that  if  these  relations  had  only 
been  approximate  when  the  satellites  were  first 
launched  into  space,  their  mutual  attractions  would 
have  established  and  maintained  them,  notwith- 
standing the  secular  inequalities  to  which  they  are 
liable.  They  extend  to  the  synodic  motions  of  the 
satellites,  consequently  they  affect  their  eclipses, 
and  have  a  very  great  influence  on  their  whole 
theory.  The  satellites  move  so  nearly  in  the  plane 
of  Jupiter's  equator,  which  has  a  very  small  incli- 
nation to  his  orbit,  that  they  are  frequently  ec\i\j«0i 
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by  the  shadow  of  the  pknet.  The  eclipses  take 
place  close  to  the  disc  of  Jupiter  when  he  is  near 
opposition ;  but  at  times  the  shadow  is  so  projected 
with  regard  to  the  earth,  that  the  third  and  fourth 
satellites  vanish  and  reappear  on  the  same  side  of 
the  disc.  These  eclipses  are  in  all  respects  similar 
to  those  of  the  moon ;  but,  occasionally,  the  sa- 
tellites eclipse  Jupiter,  passing  like  black  spots 
across  his  surface,  and  resemble  annular  eclipses  of 
the  smi.  The  instant  of  the  beginning  or  end  of 
an  eclipse  of  a  satellite  marks  the  same  instant  of 
absolute  time  to  all  the  inhabitants  of  the  earth ; 
therefore,  the  time  of  these  eclipses  observed  by  a 
traveller,  when  compared  with  the  time  of  the 
eclipse  computed  for  Greenwich,  or  any  other  fixed 
meridian,  gives  the  difference  of  the  meridians  in 
time,  and  consequently  the  longitude  of  the  place 
of  observation.  It  has  required  all  the  refinements 
of  modem  instruments  to  render  the  eclipses  df 
these  remote  moons  available  to  the  mariner ;  now, 
however,  that  system  of  bodies  invisible  to  the 
naked  eye,  known  to  man  by  the  aid  of  science 
alone,  enables  him  to  traverse  the  ocean,  spreadii^ 
the  light  of  knowledge  and  the  blessings  of  civi- 
lization over  the  most  remote  regions,  and  to  re- 
turn loaded  with  the  productions  of  another  hemi- 
ephere.  Nor  is  this  all :  the  eclipses  of  Jupiter's 
sattlHteft  have  been  the  means  of  a  diecoveiy  whieli^ 
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though  not  80  immediately  applicable  to  the  wants 
•f  man,  unfolds  one  of  the  pT0|)ertie8  of  light, — that 
medimn  without  whose  cheering  influence  all  the 
beantiea  of  the  creation  would  have  been  to  us  a 
blank.  It  i&  observed,  that  those  eclipses  of  the 
first  satellite,  which  happen  when  Jupiter  is  near 
conjunction,  are  later  by  16*"  26'  than  those  which 
take  place  when  the  planet  is  in  opposition.  But, 
as  Jupiter  is  nearer  to  us  when  in  opposition  by 
tiie  whole  breadth  of  the  earth's  orbit  than  when 
in  conjunction,  this  circumstance  was  attributed  to 
the  time  employed  by  the  rays  of  light  in  crossing 
the  earth's  orbit,  a  distance  of  about  190  millions 
of  miles ;  whence  it  is  estimated  that  light  traveb 
at  the  rate  of  190000  miles  in  one  second.  Such 
is  its  velocity,  that  the  earth,  mo\ing  nt  the  rate 
of  19  miles  in  a  second,  would  take  two  months 
to  pass  throu^  a  distance  which  a  ray  of  light 
would  dart  over  in  eight  minutes.  The  subsequent 
discovery  of  the  aberration  of  light  confirmed  thia 
astonishing  result. 

Objects  appear  to  be  situate  in  the  direction  of 
the  rays  which  proceed  ^m  them.  Were  light 
propagated  instantaneously,  every  object,  whether 
at  rest  or  in  motion,  would  appear  in  the  direction 
of  these  rays ;  but  as  light  takes  some  time  to  trap* 
▼el,  we  see  Jupiter  in  conjunction,  by  means  of 
tKf^Hmlbltklum  16^ 26* befoni ;  butyiunngthit 
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time,  we  have  changed  our  position,  in  consequence 
of  the  motion  of  the  earth  in  its  orbit ;  consequently 
we  refer  Jupiter  to  a  place  in  which  he  is  not. 
His  true  position  is  in  the  diagonal  of  the  parallelo- 
gram, whose  sides  are  in  the  ratio  of  the  velocity 
of  light  to  the  velocity  of  the  earth  in  its  orbit, 
which  is  as  190000  to  19.  In  consequence  of  the 
aberration  of  light,  the  heavenly  bodies  seem  to  be 
in  places  in  which  they  are  not.  In  fact,  if  the 
earth  were  at  rest,  rays  from  a  star  would  pass 
along  the  axis  of  a  telescope  directed  to  it :  but  if 
the  earth  were  to  begin  to  move  in  its  orbit,  with 
its  usual  velocity,  these  rays  would  strike  against 
the  side  of  the  tube ;  it  would,  therefore,  be  neces- 
sary to  incline  the  telescope  a  little,  in  order  to  see 
the  star.  The  angle  contained  between  the  axis 
of  the  telescope  and  a  line  drawn  to  the  true  place 
of  the  star,  is  its  aberration,  which  varies  in 
quantity  and  direction  in  different  parts  of  the 
earth's  orbit;  but  as  it  is  only  20''-37,  or  20''-5, 
it  is  insensible  in  ordinary  cases. 

The  velocity  of  light  deduced  from  the  observed 
aberration  of  the  fixed  stars,  perfectly  corresponds 
with  that  given  by  the  eclipses  of  the  first  satellite. 
The  same  result,  obtained  from  sources  so  different, 
leaves  not  a  doubt  of  its  truth.  Many  such  beauti- 
ful coincidences,  derived  from  circumstances  appa- 
rently the  most  unpromising  and  dissimilar^  occur 
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in  the  rest  of  physical  astronomy,  and  prove  depend- 
ences which  we  might  otherwise  he  unaUe  to  trace. 
The  identity  of  the  velocity  of  light,  at  the  distance 
of  Jupiter,  and  on  the  earth's  surface,  shows  that 
its  velocity  is  uniform ;  and  if  light  consists  in  the 
vihrations  of  an  elastic  fluid  or  ether  filling  space, 
an  hypothesis  which  accords  best  with  observed  phe- 
nomena, the  uniformity  of  its  velocity  shows  that 
the  density  of  the  fluid  throughout  the  whole  extent 
of  the  solar  system  must  be  proportional  to  its  elas- 
ticity. Among  the  fortunate  conjectures  which  liave 
been  confirmed  by  subsequent  experience,  that  of 
Bacon  is  not  the  least  remarkable.  ^  It  produces  in 
me,'  says  the  restorer  of  true  philosophy,  '  a  doubt 
whether  the  hce  of  the  serene  and  starry  heavens 
be  seen  at  the  instant  it  really  exists,  or  not  till 
«ome  time  later ;  and  whether  there  be  not,  with 
respect  to  the  heavenly  bodies,  a  true  time  and  an 
apparent  time,  no  less  than  a  true  place  and  an 
apparent  place,  as  astronomers  say,  on  account  of 
parallax.  For  it  seems  incredible  that  the  species 
or  rays  of  the  celestial  bodies  can  pass  through  the 
immense  interval  between  them  and  us  in  an  in- 
stant, or  that  they  do  not  even  require  some  con- 
fiiderable  portion  of  time.' 

As  great  discoveries  generally  lead  to  a  variety 
of  conclusions,  the  aberration  of  light  affords  a 
direc^jnroof  of  the  motion  of  the  earth  in  its  orbit ; 
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«Bd  its  retatioB  is  proved  Isy  t^  linoTy  '^  &(ffii^ 
•bedies,  vince  thecentrifiigaL  farce  k  indnoes  retardB 
4ilie  oscillatioRs  of  the  pendulum  in  going  'from  '^ 
pele  to  the  equator.  Thus  a  high  d^ee  of  flden- 
tiic  knowledge  has  been  requisite  to  diBpel  tbe 
errors  of  the  senses. 

The  little  that  is  kno^wn  of  the  themes  fd  Ae 
satellites  'of  Saturn  and  Uramis  is,  in  all  JVspeciB, 
similar  to  that  of  Jxqnter.  The  great  compresnen 
tif  Saturn  occasions  its  satellites  to  moveneaily^ 
liie  plane  of  its  equator.  Of  the  situatisQ  <£  the 
equator  of  Uranus  we  know  nothing,  >nor  of  Us 
•compression ;  but  the  orbits  of  bis  satdiites  «ie 
neaify  perpenduntter  to  the  plane  of  liie  ecliptic, 
moA  %  analogy  they  oi^ht  to  be  in  the  planei^liis 
lequator. 

SECTION   VI. 

Our  tsonstant  companion,  "^le  moon,  next  dhnis 
^our  attention.  Several  drcnmstances  concur  %> 
tender  lier  motions  the  most  interesting,  and  at  ^ 
sasne  time  the  most  difficult  to  mrestigate  of  aH  "te 
1x)die8  of  our  system.  In  the  soiar  system  f^kraet 
troubles  planet,  but  in  the  lunar  iiieory  the  am  ts 
the  great  disturbmg  cause ;  his  Tast  distance  being 
'Compensated  i}y  bis  enormous  magnitude,  ik>  thit 
'Acmc^tionfl  'oif  "the  moon  itre  more  irreguIirthMi 
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AoM  oftheykwii;  and,  on  afleomt  of  tlie  gntt 
cfiqiticity  of  1wroiliit9«BddK.«iBeof  temtn,  the 
•liprazimalioiiB  to  her  motioiis  are  tedious  mddtf* 
fieah  heyond  what»thote  WMecuiConnd  to  nicii 
imrestigatioMi  coold  imagine.  Amoi^  the  inninne* 
■able  periodic  inoqnalitiea  to  which  the  moon'a  no- 
tion in  lengitMle  is  liable,  the  meet  nnarkahle  am 
theE^ectaon,  tlM  VariatiDn,  md  the  Annual Eqtm* 
tian.  The  forces  producing  the  evection  diminiah 
liie  excentticity  of  the  lunar  orbit  in  conjunction  and 
oppaaition,  and  angnent  it  in  qaadratuie.  The 
period  of  this  inequality  is  less  than  thirty-two  days. 
Woe  the  increase  and  diminotion  always  the  same, 
the  evection  would  only  depend  upon  the  distaace 
of  the  moon  from  the  sun ;  but  its  abaohite  value 
alao  varies  with  her  didtanoe  from  the  perigee  of 
hsr  orbit.  Ancient  astronomersy  who  observed  the 
moon  solely  widia  view  to  ^be  prediction  of  eclipses, 
which  can  only  happen  in  conjunction  and  opposi* 
tkoiy  where  the  OKoentricity  is  diminished  by  the 
erection,  assigned  too  small  a  value  to  the  ellipticity 
of  her  orbit  The  variation,  which  is  atitsmaxi* 
nam  when  die  moon  is  45°  distant  from  the  ton, 
vanishes  when  that  distance  amounts  to  a  quadrant, 
sRsd  also  when  the  moon  is  in  conjunction  and  op- 
position; oonsequentfyythat  inequslity  never  ooidd 
have  been  discovered  from  the  eclipses:  its  period  db 
half  alawrinondi.  Thesimiial  equation  arises  ton 

d2 
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the  moon's  motion  being  accelerated. when  that 
of  the  earth  is  retarded,  and  vice  versa— -ioTy  when 
the  earth  is  in  its  perihelion,  the  lunar  orbit  is 
enlarged  by  the  action  of  the  sun;  therefore, 
the  moon  requires  more  time  to  perform  her 
revolution.  But,  as  the  earth  approaches  its  aphe- 
lion, the  moon's  orbit  contracts,  and  less  time  is 
necessary  to  accomplish  her  motion, — ^its  period, 
consequently,  depends  upon  the  time  of  the  year. 
Tn  the  eclipses  the  annual  equation  combines  with 
the  equation  of  the  centre  of  the  terrestrial  orbit, 
80  that  ancient  astronomers,  imagined  the  earth's 
orbit  to  have  a  greater  excentricity  than  modem 
astronomers  assign  to  it. 

The  planets  disturb  the  motion  of  the  moon 
both  directly  and  indirectly ;  because  their  action 
on  the  earth  alters  its  relative  position  with  r^ard 
to  the  sun  and  moon,  and  occasions  inequalities  in 
the  moon's  motion,  which  are  more  considerable 
than  those  arising  from  their  direct  action  :  for  the 
same  reason  the  inoon,  by  disturbing  the  earth,  in- 
directly disturbs  her  own  motion.  Neither,  the 
excentricity  of  the  lunar  orbit,  nor  its  mean  incli- 
nation to  the  plane  of  the  ecliptic,  have  experienced 
any  changes  from  secular  inequalities;  for,  al- 
though the  mean  action  of  the  sun  on  the  moon  de- 
pends upon  the  ihciination  of  the  lunar  orbit  to  the 
ediptic,  and  that  the  position  of  the  ecliptic  is  sob- 
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ject  to  a  aecolar  inequalityy  yet  analysis  shows  that 
it  does  not  occaskm  a  secular  variation  in  the  incli- 
nation of  the  hmar  orbit,  because  die  action  of  the 
sun  constantly  brings  the  moon's  orbit  to  the  same 
inclination  on  the  ecliptic.  The  mean  motion, 
the  nodes,  and  the  perigee,  however,  are  subject  to 
very  remarkable  variations. 
-  From  an  eclipse  observed  by  the  Chaldeans  at 
Babylon,  on  the  19th  of  March,  seven  hundred 
and  twenty-one  years  before  the  Christian  era,  the 
place  of  the  moon  is  known  from  that  of  the  sun 
at  the  instant  of  opposition,  whence  her  mean 
longitude  may  be  found ;  but  the  comparison  of 
this  mean  longitude  with  another  mean  longitude, 
computed  back  for  the  instant  of  the  eclipse  fromt 
modem  observations,  shows  that  the  moon  per-^ 
forms  her  revolution  round  the  earth  more  rapidly 
and  in  a  shorter  time  now,  than  she  did  formerly  f* 
and  that  the  acceleration  in  her  mean  motion  haa 
been  increasing  from  age  to  age  as  the  square  of 
the  time:  all  ancient  and  intermediate  eclipsea 
confirm  this  result.  As  the  mean  motions  of  the 
planets  have  no  secular  inequalities,  this  seemed 
to  be  an  unaccountable  anomaly.  It  was  at  one 
time  attributed  to  the  resistance  of  an  etherial 
medium  pervading  space,  and  at  another  to  the 
successive  transmission  of  the  gravitating  force; 
but  as  La  Place  proved  that  neither  of  these  causes. 


even  it'  they  exist,  hsTe  any  influence  on  tlu! 
motioiiB  of  the  lunar  peri^  op  nodes,  they  coulA 
not  a&ct  the  mean  motion ;  a  vnriation  in  the 
moan  motion  irom  sucli  causes  being  inseparaldji 
connected  witli  variutions  in  the  motions  of  the 
peiigee  and  nodes.  Tliat  great  mathematician,  in 
studying  the  theory  of  Jupiter's  satellites,  perceived 
that  the  Becular  variation  in  the  elements  of  Ju- 
piter's orbit,  irom  the  action  of  the  planets,  occa^ 
sions  corresponding  changes  in  the  motions  of  the 
satellites,  winch  led  him  to  suspect  tliat  the  acce- 
leration in  the  mean  motion  of  the  moon  might  be 
connected  with  the  secular  variation  in  tlie  eccen- 
tricity of  the  terrestrial  orbit ;  and  analysis  haa 
proved  that  ho  assigned  the  true  cause  of  the  acoe^ 
leration. 

If  the  esMntricity  of  the  earth's  orbit  weto 
invariable,  the  moon  would  be  exposed  to  avariabls 
distiuhance  from  the  action  of  the  sim,  in  cooBer- 
quenceofthe  earth's  annual  revolution;  it  wouU 
however  be  iwriodic,  since  it  would  be  the  eanw 
aa-  often  as  tlie  sun,  tiie  eartli,  and  tlie  mowt  re^ 
turned-  to  tlie  same  Telative  positions :  bnt  oa 
account  of  the  slow  and  incessant  diminution  in 
the  escentrieity  of  the  terrestrial  orbit,  the  revo- 
lution of  our  planet  is  perfoiined  at  different 
distances  from  the  sun  every  year;  The  poaitioit 
of  the  moon  with  regard  to  the  aun  undei^oea 


ttunqombig  chaagt ;  lo  ti»t  the  meftB  actual 
e£  tika  smaartha  mooivanei  femaaa  amtuy 
ta-  MWthtr^  andi  eccatauiB  the  aacular  increaae  ni 
iim  wmrnk^n  vtlodty  called  the  AcoeleratHm,  a 
aaaie  fawaliariy  aiipropriate  in  the  pretent  aga, 
flii  which  will  oontiiMieta  be  so  Imr  a  vaat  may* 
haraCagBatoecBM;  bacauce^  as  long  aa  the  earth'a 
aaaaalriaiiy  diayptahea,  the  moon's  mean  motioii 
wilLba  aoetleraliad,  but  when  the  excentricity  haa 
ita  ■inianam,  and  begins  to  increaae,  tha 
moCMNiL  wall  be  retaxded  from  age  to  aga. 
Ati  prectnt  tha  secular  accelemtbn  is  about 
U/'"209^  bat  ifta  e£Eeet  <m  the  moon's  place  ios* 
oaaaea  aa  the  squaie  of  the  time.  It  is  remark* 
aUa  that  tiia;  actioa  of  the  planets  thus  reflactad 
hyt  tha-  aaa  to  the*  moon  is  much  more  sensibla 
tlwBt  their  diiact  actioa,  either  on  the  earth  or 
awwa..  Tha  secular  diminutum  in  the  excentricity, 
which  has  not  akered  the  equation  of  the  centna 
of.  tha:  aaa  bgF  tight  mimitea  nnce  the  eailseaft 
neonfed  aidipeev  lu»  produced  a  variation  of 
diQut  1°  48^  in.  the  moon's  longitude,  and  of  1°  12^ 
itt  bar  BMaa  anenMly. 

Thft  aotian  af  the  sun  occasions  a  rapid  boa 
irariaiMa.  mctiaBr  in  tha  nodes  and  perigee  of  tho 
baaac  oriik.  Though  t^  nodes  recede  during  tha 
Spaaiai  part  e£  the  moon's  reirolutioB^  and  advanca 
doniig:  HSm  smaUar^  thay  pnfinm  tlttir  BidJeseiA 
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Tevolutiou  in  6793*37953  days;  and  the  perigee 
accomplishes  a  revolution  in  3232*56731  days,  or 
a  little  more  than  nine  yeltrs,  notwithstanding  its 
motion  is  sometimes  retrograde  and  sometimes 
direct;  but  such  is  the  difference  between  the 
distiurbing  enei^  of  the  sun  and  that  of  all  the 
planets  put  together,  that  it  requires  no  less  than 
114755  years  for  the  greater  axis  of  the  terrestrial 
orbit  to  do  the  same.  It  is  evident  that  the  same 
secular  variation  which  changes  the  sun's  distance 
from  the  earth,  and  occasions  the  acceleration  in 
the  moon's  mean  motion,  must  affect  the  nodes 
and  perigee ;  and  it  consequently  appears,  from 
theory  as  well  as  observation,  that  both  these 
elements  are  subject  to  a  secular  inequality  arising 
from  the  variation  in  the  excentricity  of  the  earth's 
orbit,  which  connects  them  with  the  Acceleration, 
so  that  both  are  retarded  when  the  mean  motion 
is  anticipated.  The  secular  variations  in  these 
three  elements  are  in  the  ratio  of  the  numbers  3, 
0*735,  and  1 ;  whence  the  three  motions  of  the 
moon,  with  regard  to  the  sun,  to  her  perigee,  and 
to  her  nodes,  are  continually  accelerated,  and  their 
secular  equations  are  as  the  numbers  1,  4,  and 
0*265,  or,  according  to  the  most  recent  investiga- 
tions, as  1,  4*6776,  and  0*391.  A  comparison  of 
ancient  eclipses  observed  by  the  Arabs,  Greeks, 
and  Chaldeans,  imperfect  as  they  are,  with  modem 
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observations,  perfectly  confirms  these  results  of 
analysis.  Future  ages  will  develop  these  great 
inequalities,  which  at  some  most  distant  period 
will  amount  to  many  circumferences.  They  aie 
indeed  periodic ;  but  who  shall  tell  their  period  ? 
Millions  of  years  must  elapse  before  that  great 
cycle  is  ieuscomplished ;  but  *  such  changes,  though 
rare  in  time,  are  frequent  in  eternity.' 

The  moon  is  so  near,  diat  the  excess  of  matter 
at  the  earth's  equator  occasions  periodic  variations 
in  her  longitude,  and  also  that  remarkable  inequa* 
lity  in  her  latitude  already  mentioned  as  a  nuta* 
tion  in  the  lunar  orbit,  which  diminishes  its 
inclination  to  the  ecliptic  when  the  moon's  ascend- 
ing node  coincides  with  the  equinox  of  spring, 
and  augments  it  when  that  node  coincides  with 
the  eqiiinox  of  autumn.  As  the  cause  must  be 
proportional  to  the  effect,  a  comparison  of  these 
inequalities,'  computed  from  theory,  with  the  same 
given  by  observation,  shows  that  the  compression 
of  the  tenestrial  spheroid,  or  the  ratio  of  the  difler- 
enice  between  the  polar  and  equatorial  diameters, 
to  the  diameter  of  the  equator,  is  -rr^os*  I^  ^ 
proved  analytically  that,  if  a  fluid  mass  of  homo- 
geneous matter,  whose  particles  attract  each  other 
inversely  as  the  square  of  the  distance,  were  to 
revolve  about  an  axis  as  the  earth  does,  it  would 
assume  the  form  of  a  spheroid  whose  compression 


is  rxTT)  whence  it  appeare  that  the  earth:  is  not 
homogeneons,  but  decreases  in  density  from:  its 
centre  to  iti  circumference.  Thus  the  nioon'a 
eolipses  shnw  tha  earth  to  be  round,  and  her  ine- 
qualities not  only  detenuine  the  form,  but  the 
intenial  Htructurc  of  oiir  planet ;  results  of  ana- 
lysis which  could  not  have  been  anticipated. 
Similar  inequalities  in  the  motions  of  Jupiter's 
aatclliteB  prov6  tliat  his  maae  is  not  hamogeneous, 
and  that  his  compresaifln  is  -p^.  Hia  equatoiial 
diameter  exceeds  his  polar  diameter  by  about  533Q 

The  phaEex  of  the  mooii,  which  vary  fro^^  a 
slender  silvery  crescent  aoon  after  conjunctifln  to 
a  complete  circle  of  light  in  uppOBition,  decrema 
by  the  same  degrees  till  the  moon  ia  agaiu  enve- 
loped in  the  morning  beams  of  the  ami.  Theafl 
cbangea  n^gulatc  the  returns  of  the  eclipses ;  those 
of  the  aun  can  only  happen  in  conjunction,  when 
the  moon,  coming  between  the  earth  and  the.eaut, 
intercepts'  his  light ;  amd  those  of  the  moon  aro 
OGcaeioned  by  the  earth  intervening  between  the 
sun  and  moon  when  in  oppnsition.  As  the  eairtii  is 
opaque  and  nearly  splwricol,  it  throws  a  conicid 
shadow  un  the  side  of  the  moon  opposite  to  tliQ 
sun,  the  axis  of  which  passes  tbroi^b  the  centres 
of  the  sun  and  earth.  The  lengtii  of  the  shadow 
temiinales  at  the  point  wbere  the  apparent  ^amer 


tew  oi  ther  mukl  and.  etstlir  iwid  be-  tbe 
Whea  .^bgi— )B  uiiiLoppoBiHMiy  Hid  aft  htr 
diittnw^^the  dnneterof  tlte.  na  liould  be 
ftom  hnr  oentreL  under  mi  anf^  q£  19LB^*1  ; 
tiuitf  o£  liie  CMlh  wpeldappBMrtindM5«fcaB|^.Qf 
6d08^'3t;  80  tint  the  lengdi  of  Uie  ■hadow>i».«| 
ItelrtiKeetiiiiCB'aiid  a  half  g^rester  than  therdiar 
tanoa*  a£tli&  inxw  fnmL  tke.  eaxtl%  .aod  the  Itaeadth 
a£  tiBT  riuHbu^.whereitiirtnMreraBdbjFttlienoeBi 
ia'ai)Dut.eigli^>tliinla^o£thelnDardianieteiu.  Uenoe 
tJia'tnoontweidd  be  ectipaed  eveiy  oppaailioo^.wero 
it:  not  fi»r  tfaa  inclinatioii  of:  heroibit  to  .thd|daiia 
o^the  edipticy  ini  conaeqaenoB  o£  wiiich  the  moaB 
iiL  af|)owtiaii  is  eidieer>  above  or  balow  the;  ooae  ti 
tfae*  eacdi'ai  shadow,  except,  ndien  in  or  near  her 
aadto;  hen  poaitioa  witfaiiegaopd  to  them  jQecaaioBa 
1^  tfa»yaiietiea  in  the  InaaTreolipaea&  Eveay  peioft 
of  the  nMMm's  auifaoe  aneceaaiFel^  Idaeai  the  light 
e£'  difibnBt  pacta-  of  the  msa^m  diic  befisra  being 
echpaed.  Hec  bng^tneae  theraftrer  gnduali^  dit 
mimahfft'befiMro^  she  phin^oa:  into  the  eacth^Si  ahiR 
doiK.  Hhe  bseadth  of  the  apace-  otcngpwd  by 
tis.  panoBibza.  ia  equal  tn.  tiie.  apparent.  di» 
mfitezr  of.  the  snn^  aas  aaes  from,  the  cent» 
d:  the  mooau  The  mean  doralaon  o£  a.  renih 
hiMomof  the!sun>  with  legardto  the  nodfe  of  the 
Innac orin^  is. to  the  duowtiott of  eajrnodie  seynfay^ 
laen  a£the  moon  aa  2fi^tBel9^  ser^thMl^  after  a 
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period  of  223  lunar  months,  the  sun  and  moon 
would  return  to  the  same  relative  position  to  the 
node  of  the  melon's  orhit,  and  therefore  the  eclipses 
would  recur  in  the  same  order,  were  not  the 
periods  altered  hy  irregularities  in  the  motions  of 
the  sun  and  mdbh.^  In  lunar  eclipi^s,  our'  atmo- 
sphere refracts  the  sim's  rays  which  pass  through 
it,  and  bends  them  all  round  into  the  cone  of  the 
earth's  shadow;  and  as  the  horizontal  refraction 
surpasses  half  the  sum  of  the  solar  and  limar 
parallaxes,  that  is,  half  the  sum  of  the  semidia- 
meters  of  the  sun  and  moon,  divided  by  their 
mutual  distance,  the  centre  of  the  lunar  disc, 
supposed  to  be  in  the  axis  of  the  shadow,  would 
receive  the  rays  from  the  same  point  of  the  sun, 
rouiid  all  sides  of  the  earth,  so  that  it  would  be 
more  illuminated  than  in  fiill  moon,  if  the  greater 
portion  of  the  light  were  not  absorbed  by  the 
atmosphere.  Instances  are  recorded  where  this 
feeble  light  has  been  entirely  absorbed,  so  that  the 
moon  has  altogether  disappeared  in  her  eclipses. 

The  sun  is  eclipsed  when  the  moon  intercepts 
his  rays.  The  moon,  though  incomparably  smaller 
than  the  sun,  is  so  much  nearer  the  earth,  that 
her  apparent  diameter  differs  but  little  from  his, 
but  both  are  liable  to  such  variations,  that  they 
alternately  surpass  one  another.  Were  the  eye  of 
a  spectator  in  the  same  straight  line  with  the 
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centres  of  tbe  mm  and  moon,  be  woutid  see  the  sun 
eclipsed.  If  the  apparent  diameter  of  the  moon 
surpassed  that  of  the  sun,  the  eclipse  would  be 
total ;  if  it  were  less,  the  observer  would  see  a  ring 
of  light  round  the  disc  of  the  moon,  and  the  eclipse 
would  be  annular.  If  the  centre  of  the  moon 
should  not  be  in  the  straight  line  joining  the 
centres  of  the  sun  and  the  eye  of  the  observer,  the 
moon  might  only  eclipse  a  part  of  the  sun.  The 
variation,  therefore,  in  the  distances  of  the  sun  and 
moon  from  the  centre  of  the  earth,  and  of  the 
moon  from  her  node  at  the  instant  of  conjunction, 
occasions  great  varieties  in  the  solar  eclipses. 
Besides,  the  height  of  the  moon  above  the  horizon 
changes  her  apparent  diameter,  and  may  augment 
or  diminish  the  apparent  distances  of  the  centres 
of  the  sun  and  moon,  so  that  an  eclipse  of  the  sun 
may  occur  to  the  inhabitants  of  one  country,  and 
not  to  those  of  another.  In  this  respect  the  solar 
eclipses  differ  from  the  lunar,  which  are  the  same 
for  every  part  of  the  earth  where  the  sun  and 
moon  are  above  the  horizon.  In  solar  eclipses, 
the  light  reflected  by  the  atmosphere  diminishes 
the  obscurity  they  produce ;  even  in  total  eclipses 
the  higher  part  of  the  atmosphere  is  enlightened 
by  a  part  of  the  sim's  disc,  and  reflects  its  rays  to 
the  earth.  The  whole  disc  of  the  new  moon  is  fre- 
quently visible  from  atmospheric  reflection. 
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Planets  eometdmce  eclipBe  one  annther.  On  the 
nth  of  May,  nsT.MercnryivaB  edipsed  by  Ve- 
TiuB  near  their  inferior  conjunction :  Mare  passed 
over  Jupiter  on  the  9th  of  January,  1591,  imd  on 
the  13i.h  of  October,  1825,  the  moon  eclipsed  Sa- 
turn. These  phencmenii,  however,  happen  very 
■eldom,  because  all  the  planets,  or  even  a  part  of 
them,  are  very  rarely  seen  in  conjunction  at  once; 
that  is,m  the  same  part  of  the  heavens  at  the  same 
time.  More  than  2500  years  before  out  era,  fhe 
five  great  planets  were  in  conjunction.  On  the  15lh 
of  September,  1186,  a  similar  aaaemblage  took 
place  between  the  conBtellations  of  Virgo  and  li- 
bra; and  in  1801,  the  Moon,  Jupiter,  Satum,  and 
Venus  were  united  in  the  heart  of  the  Lion.  These 
conjunctions  are  bo  rare,  that  Lalande  has  com- 
puted that  more  than  seventeen  millions  of  miUions 
of  yeare  separate  tlie  epochs  of  the  contempora- 
neous conjunctions  of  tht  sis  great  planets. 

The  motions  of  the  moon  have  now  become  of 
more  importance  to  the  navigator  and  gec^rapher 
than  those  of  any  other  heaveidy  body,  from  the 
precision  with  which  the  longitude  is  determined 
by  the  occultatinns  of  stars  and  hmar  distances. 
The  occultation  of  a  star  by  the  moon  is  a  pheno- 
menon of  frequent  occurrence :  the  moon  seems 
to  pass  over  liie  star,  which  almost  instanta- 
neously vanishes  at  one  aide  of  her  disc,  and 


« 


iter  m,  abort  time  «■  ^iiiibBly  rmipjpmn  on  the 
Mmr-,  moA a hmsr  diatafe  iatlie  obaenred  dii* 
taBoe  of  te  Tnoon  from  tfaeaan,  orfrom  a  parti- 
ixiar  -atar  or  planet,  at  any  inatant.  Uht  lunar 
tinory  is  brought  to  sncb  petfectiony  tiiat  the  timea 
«f  theae  fiiettamena,  obeeryed  under  any  nvridian) 
y^ea  compared  with  thoee  computed  for  Oiaennwiifli 
m  the  Nautical  Almanac,  give  te  longitude  af 
Hk  observer  within  a  few  miles.  The  aecuracy  of 
^lat-wofk.is  obviously  of  eiftveme  importance  to  a 
'luaiKiuie  mtion :  we  have  leasen  to  hope4hat  the 
new  ISpheraeris,  now  in  prepamtion,  will  %e  by  far 
^iie  most  -perfect  woik  of  the  kind  ihat^ewr  has 
ocen  puMiniecL 

'Prom'^ie  'bmar  'flieory,  the  mean  distance  of 
Ac  Bun  from  the  earth,  and  thence  the  whole 
^KmenaioBB  «f  the  -aolar  system,  are  known ;  for 
the  forces  which  retain  the  earth  and  moon  in 
their  orbits  are  respectively  proportional  to  the 
radii  vectores  of  the  earth  and  moon,  each  being 
divided  by  the  square  of  its  periodic  time ;  and  as 
Hhd  hmar  Aeoiy  ^ves  the  Tsctio  of  ^be  fimses,  the 
lillio  -of  1^  ^tistances  of  fte  aun-aad^moon  frum 
ibe  earth  is  Dbtained ;  whence  it  appears  that  tlie 
WBEB^  mean  distance  frtmi  lAie  earth  is  nearly  396 
iBBes  greater  than  that  of  the  moon.  The  method, 
liowBvca,  of  finding  the  absolute  i^&itances  of  the 
oAeetial  bodiea  in  miles,  is  in  fsd  the  same  wiih 
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that  employed  in  measuring  the  distances  of  terres- 
trial objects.  From  the  extremities  of  a  known 
base,  the  angles  which  the  visual  rays  from  the 
object  form  with  it  are  measured;  their  sum  sub- 
tracted from  two  right  angles  gives  the  angle 
opposite  the  base ;  therefore,  by  trigonometry,  all 
the  angles  and  sides  of  the  triangle  may  be  com- 
puted— consequently  the  distance  of  the  object  is 
foimd.  The  angle  under  which  the  base  of  the 
triangle  is  seen  from  the  object  is  the  parallax  of 
that  object;  it  evidently  increases  and  decreases 
with  the  distance ;  therefore  the  base  must  be 
very  great  indeed  to  be  visible  at  all  from  the 
celestial  bodies.  The  globe  itself,  whose  dimen- 
sions are  obtained  by  actual  admeasurement,  fur- 
nishes a  standard  of  measmres,  with  which  we 
compare  the  distances,  masses,  densities,  and  vo- 
lumes of  the  sun  and  planets. 

SECTION  VII. 

The  theoretical  investigation  of  the  figure  of  the 
earth  and  planets  is  so  complicated,  that  neither 
the  geometry  of  Newton  nor  the  refined  analyses 
of  La  Place  have  attained  more  than  an  approxi- 
mation :  it  is  only  within  a  few  years  that  a  com- 
plete and  finite  solution  of  that  difficult  problem 
has  been  accomplished  by  our  distinguished  coun- 
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tryman  Mr.  Ivory.  The  investigation  has  been 
conducted  by  successive  steps,  beginning  with  a 
simple  case,  and  then  proceeding  to  the  more 
difficult ;  but  in  aU,  the  forces  which  occasion  the 
revolutions  of  the  earth  and  planets  are  omitted, 
because,  by  acting  equally  upon  all  the  particles, 
they  do  not  disturb  their  mutual  relations.  A  fluid 
mass  of  uniform  density,  whose  particles  mutually 
gravitate  to  each  other,  will  assume  the  form  of  a 
sphere  when  at  rest ;  but  if  the  sphere  begins  to 
revolve,  every  particle  will  describe  a  circle,  having 
its  centre  in  the  axis  of  revolution ;  the  planes  of 
all  these  circles  will  be  parallel  to  one  another, 
and  perpendicular  to  the  axis,  and  the  particles 
will  have  a  tendency  to  fly  from  that  axis  in  con- 
sequence of  the  centrifugal  force  arising  from  the 
velocity  of  rotation.  The  force  of  gravity  is  every- 
where perpendicular  to  the  smface,  and  tends  to 
the  interior  of  the  fluid  mass,  whereas  the  centri- 
fugal force  acts  perpendicularly  to  the  axis  of  rota- 
tion, and  is  directed  to  the  exterior ;  and  as  its 
intensity  diminishes  with  the  distance  from  the 
axis  of  rotation,  it  decreases  from  the  equator  to 
the  poles,  where  it  ceases.  Now  it  is  clear  that 
these  two  forces  are  in  direct  opposition  to  each 
other  in  the  equator  alone,  and  that  gravity  is 
there  diminished  by  the  whole  effect  of  the  centri- 
fugal force,  whereas,  in  every  other  part  of  the 
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fluid,  the  centrifugal  force  is  leadTed  into^ 
paxt8>  one  of:  which,  being:  BerpandieulML'tottiMr. 
surface,  diminishes  the  force  of  gfamtif'^  butter 
other,  being,  all  a  tangent  to  the  amfacdy  «f»  tiie. 
partidea  towards,  the  equator,  iR^ieoe't^iej  aoemim^ 
late,  till  their  numbers  compensate  the  diinkuiikie»' 
of  gravity,,  which,  makes  the  mass-  bulge  at  thr 
equator,  and  become  flattened  at  the  polka.  It. 
i^pears,.  tlien,  that  the  influence  of  the  eentrifagal> 
force  is  most  powerful  at  the  equator,,  not  only 
because  it:  is  actually-  greater  there  than  elsewhes^. 
but  because  its.  whole  efliact  is  employed  in  dunir 
niahing  gravity,  whereas,  in  erery  other,  pami  fd 
th&  fluid  mass,  it  is  only  a  resolved  part  that  is<a» 
employed.  For  both,  these  reasons  it  graduaify 
deoreases  towasds  the  poles,,  where  it  ceases^.  On 
the  contrary,,  gravity  is  least  at  the  equator,  ber 
cause  the  particles  are  farther  from-  the  Gentve  of 
the  mass,  ands  increases  towasds.the  polea,. where 
it  is  greatest  It  is  evident,  thenefoie,  that,. as  the 
centrifugal  force  is  much  less  than  the  force  of  grar 
\itf$y — gravitation,  which  is  the  diflbrmce  between 
the  two,  is  least  at  the  equator,  and  continually ^ 
increases  towards  the  poles,  where  it  is  a  maxi" 
mum.  On  these  principles  Sir  I«aac  Newton 
proved  that  &  homogeneous  fluid  mass  in  rotation, 
assumes  the  form  of  an  ellipsoid  of  revolution, 
whose  compresuon  is  rir.    Such,  however,  can* 


aot  ha  the  iatm  o£  the  earthy  beeftuae  the  stnta 
incgenwe  in  deanty  towaida  the  centie.  The  hunr 
ineqaalitLBi  alio  prove  the  earth  to  be  bq  cok- 
alfeucfead ;.  il  waa  requiaite,  therefore,  to  eenaidflr 
the  fluid  maaa  tobe  of  variable  dexKaity.  ImJiy^iny 
thia  conditiffli,  it  haa  been  found  that  the  maaa, 
when  in  rotation^  wouki  still  aaamne  the  foim  of 
aanellipaoid  of  revohitioB;  that  the  partidea  of 
aip&aL  denaity  would  arrange  themadvet  in  conceBi* 
tm  eUipti<ad  strata,  the  most  dense  being  in  the 
ceaitre ;  but  that  the  compression  would  be  leaa 
than  in  the.  case  of  the  homogeneoua  fluid.  Tht 
corapRaaion  ia  stiU  less  when  the  mass  is  conai* 
dered  to  be^  as  it  actually  is^  a  sdid  nucleus,  de» 
cieaaiag  regularly  in  density  from  the  centie  to 
the  smfKC,  and  partially  covered  by  the  ocean, 
beeaaae  thsi  solkl  poBfcs,  by  their  cohesion,  nearly 
datmy  thali  paart.  of  the  centrifligal  force  which 
goea  thrpailtclea  a  tendency  to  accumulate  at  the 
ai[aatorytfaau|^  not  diogether;  otherwise  the  aea, 
hf  the  svperiDr  mobility  of  ita  particles,  would 
dowtowaids  die  equator  and  leave  the  poles  dry  : 
litiidWj  it  ia  well  known  that  the  continents  at 
the  equator  are  move  elevated  than  they  are  in 
h%faer  latitudes.  It  ia  also  necessary  for  the  equi* 
ISbriom  of  the  ocean,  that  its  density  diould  be 
teas  than  the  mean  density  of  the  earth,  otherwise 
die  eontinente  would  be  perpetually  Uable  tA\DsiBl^ 
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dations  from  storms  and  other  causes.  On  the 
whole,  it  appears  from  theory  that  a  horizontal 
line  passing  round  the  earth,  through  hoth  poles, 
must  be  nearly  an  ellipse,  having  its  major  axis  in 
the  plane  of  the  equator,  and  its  minor  axis  coin- 
ciding with  the  axis  of  the  earth's  rotation.  The 
intensity  of  the  centrifugal  force  is  measured  by  the 
deflection  of  any  point  from  the  tangent  in  a  second, 
and  is  determined  from  the  known  velocity  of  the 
earth's  rotation:  the  force  of  gravitation  at  any 
place  is  measured  by  the  descent  of  a  heavy  body  in 
the  first  second  of  its  fall.  At  the  equator  the  cen- 
trifugal force  is  equal  to  the  289th  part  of  gravity, 
and  diminishes  towards  the  poles  as  the  cosine  of 
the  latitude,  for  the  angle  between  the  directions 
of  these  two  forces,  at  any  point  of  the  surface,  is 
equal  to  its  latitude.  But  whatever  the  constitu- 
tion of  the  earth  and  planets  may  be,  analysis 
proves  that,  if  the  intensity  of  gravitation  at  the 
equator  be  taken  equal  to  unity,  the  sum  of  the 
compression  of  the  ellipsoid  and  the  whole  in- 
crease of  gravitation,  from  the  equator  to  the  pole, 
is  equal  to  flve-halves  of  the  ratio  of  the  centrifugal 
force  to  gravitation  at  the  equator.  This  quantity, 
with  regard  to  the  earth,  is  |-  of  -j^t,  or  ttIt> 
consequently  the  compression  of  the  earth  is  equal 
^0  ttW?  diminished  by  the  whole  increase  of 
gravitation,  so  that  its  form  will  be  known,  if  the 
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whole  increase  of  gravitation,  from  the  equator  to 
the  pole,  can  be  determined  by  experiment.  But 
there  is  another  method  of  ascertaining  the  figure 
of  oar  planet.  It  is  easy  to  show,  in  a  spheroid 
whose  strata  are  elliptical,  that  the  increase  in  the 
length  of  the  radii,  the  decrease  of  gravitation, 
and  the  increase  in  the  lengths  of  the  arcs  of  the 
meridian,  corresponding  to  angles  of  one  degree, 
from  the  pole  to  the  equator,  are  proportional  to 
the  square  of  the  cosine  of  the  latitude.  These 
quantities  are  so  connected  with  the  ellipticity  of 
the  spheroid,  that  the  total  increase  in  the  length 
of  the  radii  is  equal  to  the  compression,  and  the 
total  diminution  in  the  length  of  the  arcs  is  equal 
to  the  compression  multiplied  by  three  times  the 
length  of  an  arc  of  one  degree  at  the  equator. 
Hence,  by  measuring  the  meridian  curvature  of 
the  earth,  the  compression,  and  consequently  its 
figure,  become  known.  This,  indeed,  is  assuming 
the  earth  to  be  an  ellipsoid  of  revolution,  but  the 
actual  measurement  of  the  globe  will  show  how 
fJBff  it  corresponds  with  that  solid  in  figure  and  con- 
stitution. 

The  courses  of  the  great  rivers,  which  are  in 
general  navigable  to  a  considerable  extent,  prove 
that  the  curvature  of  the  land  differs  but  little 
from  that  of  the  ocean ;  and  as  the  heights  of  the 
mountains  and  continents  are  inconsiderable  '?i\:ybTi 


WBspBONA  wiUi  iine  magnitci^  of  ^%e  ^CflEftisi,  ^Ib 
fif^nre  Ib  mdenttoed  to  iw  ^uteiUAiaed  %y  a^RBftne 
St  'cntety  point  perpefii(ficid«r  4o  tlie  directtioii  rf 
gntvitatioB,  ^er  of  llie  fftuxBlHlBie,  andw^te  fMoat 
winch  the  ka  wo«ild  liaw  if  it  mat  cmffiBMBft  «S 
loimd  the  €81^  IseBnfliCk  llkis  cMftbiesMs.  "Sndb  % 
iIk  figure  thftt  has  heenineaBiiied  mihe  *i(MmiSmg 
niEimer:— 

A  tennefitinfld  nMridkui  is  n  l^ie  jMisRSg  ^icn^^ 
ix»^  poles,  all  the  points  «(f  which  hmne  tlinr 
aoon  oontanporafBeousily.  Wese  the  ^tengtlw  maA 
curatives  <^  different  meiid^am  lmmf%  te 
figure  «f  ^  earth  might  be  diieinimod;  lMit<the 
length  «f  one  <legi«e  is  sufficient  to  ^gm  #e  figOK 
of  the  «aTth,'if  it  be  measused  ob  -diffiBWitt  mam- 
ilmns,  and  in  a-variety  of  la^tudes;  f(nrif  HiemHi 
were  « isphere,  all  'degrees  'wofuld  he  «f  -lAit  wamt 
length,  but  if  not,  the  lengths  «e€  the  de^PBes wffi 
hegvea^twherethe  curvature  is  kmst,«EBdieifllR 
gfeater  esac%  in  property  ^the  mmorltare  m 
less;  a  oompariBOR  'of  the  lengths  «€^(Sie  dngnt 
hi  diffems]^  pasts  of  the  ^eaath^  Bintoe  w^  ^Axuft- 
fore  determine  its  size  and  form. 

An  arc  of  the  'meridian  may  he  mraKmied  li>y 
dbser^iring  the  latitude  (^  its  exiicme  ;pmtB,  wbA 
thsa  measuring  the  ^^stance  between  them  sn  fetft 
ar  fathoms :  the  distanoe  thus  del^ra^mined  on  ithe 
smiice  of  the  «Bith,  divided  hy  "die  <degi«» 


fMVts  tifa'degfee  coiitniiecl  in  the  diSereiiee-€if  ^ 
ladtadet,  wifi  give  tfae-eKaECt  length  ef  one  dqpree, 
diie  iifierBiioe  of  the  ktitodes  being  the  mgle  con* 
iMBcdtbeHifcai  the  verticals  at  the  cAtftmities  >oF 
tfae«rc  Tini  "vvoidd  he  easfly  aocompliBhedirere 
^iKodiataice  mnibalnietfid,  and  on  a  level  with  Die 
«Bav;  tet  on  «so(nnt  of  liie  innumerable  ttbataolea 
mr^ttRwaxhuoevi'^kc  easlh,  it  is  neeoMary  to  con- 
nect ^te  extieme  pointB  of  the  arc  by  a  aeries  ef 
tmnif^M,  the^fldea  and  angles  4if'wideh  are  either 
■M—urgri  or  ^Nupottd,  'so  that: the  length  of  iSbt 
§aam  sMeitameditithmiiohlaborioua-CQaipiitatimi. 
itt  .equity  uce^af  the  iiregularitteaxrf  the  suriaee, 
wdi  trial igk  /ia  m  «  difievant  plane;  theymnat 
therafiBveih&iedncod  l>y!compiitati0n  tcwhat  ^tiiey 
noiddiKve been,  hod  they  ^been  .measured  en  the 
amtee  cnf  the  :aeK;  and  «s  the  'earth  may  in  thia 
ciacfbo Btteimgd  spherical, teyreynrea conrection 
Imitfdiiee.tiMni  to*  spherical*  triangles. 

iiaeoBiofvte:nieridian.faawibeen  uwasuied  inm 
vaiietgrflfilatitudescBorliiandaouili,  aaivell  aa^aroa 
pcrpaadieidaT  to  theijnendian.  From  these  nea- 
attemmts  it«][^ieai8vthat^ie  leogUis  of  the  degrees 
taeEeaae  '£com'^  equator  to  the  poles,  nearly  in 
laroportion  to  the  HRpiaie-  of'the^sine  of  the  latitude ; 
aonacqBBHttlythe'Convcxity  of  the  «ailh  ^liminishaa 
6om^the^uator  ^  Ihe  poles. 

Were  the  ourth  *«n  ellipsoid  of  levolvtion^  liw 
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meridians  would  be  ellipses  whose  lesser  axes 
would  coincide  with  the  axis  of  rotation,  and  all 
the  degrees  measured  between  the  pole  and  the 
equator  would  give  the  same  compression  when 
combined  two  and  two.  That,  however,  is  ^  far 
from  being  the  case.  Scarcely  any  of  the  mea- 
surements give  exactly  the  same  results,  chiefly  on 
account  of  local  attractions,  which  cause  the  plumb- 
line  to  deviate  from  the  vertical.  The  vicinity  of 
mountains  has  that  efEect;  but  one  of  the  most 
remarkable,  though  not  unprecedented,  anomalies 
takes  place  in  the  plains  in  the  north  of.  Italy, 
where  the  aption  of  some  dense  subterraneous 
matter  causes  the  plumb-line  to  deviate  seven  or 
eight  times  more  than  it  did  from  the  attraction  of 
Chimborazo  during  the  experiments  of  Bouguer, 
while  measuring  a  degree  of  the  meridian  at  the 
equator.  In  consequence  of  this  local  attraction, 
the  degrees  of  the  meridian  in  that  part  of  Italy 
seem  to  increase  towards  the  equator  through  a  small 
space,  instead  of  decreasing,  as  if  the  earth  was 
drawn  out  at  the  poles,  instead  of  being  flattened. 
Many  other  discrepancies  occur,  but  from  the 
mean  of  the  five  principal  measurements  of  arcs 
in  Peru,  India,  France,  England,  and  Lapland, 
Mr.  Ivory  has  deduced  that  the  figure  which  most 
nearly  follows  this  law  is  an  ellipsoid  of  revolution 
whose  equatorial  radius  is  3962*824  miles,  and 
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the  XK>lar  radius  3949*585  miles;  the  diffisrenoe, 
or  13*239  miles,  divided  by  the  equatorial  radius, 
is  at  j»itf  from  arcs  of  the  meridian,  tW^v  ^m 
the  pendulum,  and  the  true  compression  is  ttt^ttt' 
this  fraction  is  called  the  compression  of  the  earth, 
because,  according  as  it  is  greater  or  less,  the 
terrestrial  ellipsoid  is  more  or  less  flattened  at  the 
poles ;  it  does  not  differ  much  from  that  given  by 
the  lunar  inequalities.  If  we  assume  the  earth  to 
be  a  sphere,  the  length  of  a  degree  of  the  meridian 
is  69^  British  miles ;  therefore  360  degrees,  or 
the  whole  circumference  of  the  globe,  is  24856 
miles,  and  the  diameter,  which  is  something  less 
than  a  third  of  the  circumference,  is  about  7912  or 
8000  miles  nearly.  Eratosthenes,  who  died  194 
years  before  the  Christian  era,  was  the  first  to  give 
an  approximate  value  of  the  earth's  circumference, 
by  the  measurement  of  an  arc  between  Alexandria 
and  Syene. 

The  other  method  of  finding  the  figure  of  the 
earth  is  totally  independent  of  either  of  the  pre- 
ceding. If  the  earth  were  a  homogeneous  sphere 
without  rotation,  its  attraction  on  bodies  at  its 
surface  would  be  everywhere  the  same ;  if  it  be 
elliptical  and  of  variable  density,  the  force  of 
gravity,  theoretically,  ought  to  increase  from  the 
eqilator  to  the  pole,  as  unity  plus  a  constant 
quantity  multiplied  into  the  square  of  the  sine 
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of  Ae  latitude;  but  for  a  Bpheroid  in  rotatian,  the 
centrifugal  force  TuricB,  "by  the  laws  of  inechanicB, 
&B  the  square  of  the  aine  of  the  latitude,  from  the 
equator,  where  it  is  greatest,  to  the  pole,  where  it 
VBiuBhea  -  and  as  it  tends  to  maku  bodies  fly  off 
the  Biirfacc,  it  diminisbes  the  furce  of  gravity  by  a 
small  quantity.  Hence,  by  cavitation,  which  is 
the  dificrence  of  these  two  forces,  the  fall  of  bodies 
ought  to  be  accelerated  from  the  equator  to  the 
poles,  proportionahly  to  the  square  of  the  sine  of 
the  latitude ;  and  the  weight  of  the  same  body 
ought  to  increase  in  that  ratio.  This  is  diicctty 
proved  hy  the  oscillatione  of  the  pendulum,;  for  if 
the  fall  of  liodies  be  accelerated,  the  o^cillationB 
will  be  more  rapid;  and  in  order  that  they  may 
always  be  perfonned  .in  the  same  time,  the  length 
of  the  pendulum  must  be  altered.  By  numerouB 
and  caretiil  esperiments,  it  is  proved  that  apendn- 
lum  which  oscillates  86400  times  in  a  mean  d^ 
at  the  equator  will  do  the  same  at  every  point  of 
the  earth's  aurface,  if  its  length  be  increased  imj- 
gressively  to  the  pole,  as  the  square  of  the  unc  of 
the  latitude. 

From  the  mean  of  these  it  appears  that  the 
whole  decrease  of  gravitation  from  the  jjoles  to  the 
equator  is  O'OO  1457,  which,  subtracted  fiwm-j-rV^i 
shows  that  the  compression  of  the  terrestrial  sphe- 
loid  is  about  77^177,  lahich  does  not  differ  much 


«B  tiMK  ferpeoflbodsr  te  it.    "BThe 


todkvto  ^one  rviolfaBr,  «iid  4be  llttii  'of  ^Am 

vracfll  '■titwMrHim  ctf  *jdl  iinir  Twtidki  ^AsniTthBr 
frodf  mqrteadiod::  <the  iiiitatiim«fithe  «uiii1i 
BOB,  md  ^K  MfCBMimi  vf  'liie  ^quiaMn^  mt 
— MMiwiufddiythe  «ctiiKi«of  ihe  fiim  vml  oww  — 

snd  alfluMgh  ?tinK  inecnadilies  *cU>  autt  4PV6  :tli6 
flhnfaitevahDe  itf  the  tasHtradjCompnman,  ibey 
^tlyit  tfaeificEotimi  JCULfieiMBgit  4s  gOTryini 


r 


■hnU  mntlt  :£man  «idi,  if  iheidOEBieiit  flnthttdi^f 
ilMKmdBoii  coiiM  Ise  inade  fRnBtiboiit  <ainir.  '^Qui^ 
hwiiwu,  asaotthe  esse;  fin:,irfikBr  aHomonelMi 
iMm  vuide  for  erary  4»iue  of  cnror,  dneh  'dncie* 
f  lUi  4096  immd^  both  in  liie  <degRBfe  «f  :tlK 
fridiim  and  in  ^at  iei^h  of  tiK  poidiilaH^ 
SB  <dia«r  dmt  ihe  figure  of  4iK  eaudi  k  voiy  doob- 
]^iceted ;  iut  they  '«R  «>  mudl,  idm  eoayniefl 
vitb  the  ^fensral  TesidtB,  Uwt  4hey  may  be  dine-* 
gMhd.    S'he'caiiiiiEeMMfn  deduced  firoHL  the 
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of  the  whole  appears  to  be  about  TvirVrr>  ^^&t  given 
by  the  lunar  theory,  has  the  advantage  of  beii^ 
independent  of  the  irregularities  of  the  earth's 
surface  and  of  local  attractions.     The  regularity 
with  which  the  observed  variation  in  the  length  of 
the  pendulum  follows  the  law  of  the  square  of  the 
sine  of  the  latitude  proves  the  strata  to  be  ellipti- 
cal and  symmetrically  disposed  round  the  centre  of 
gravity  of  the  earth,  which  affords  a  rtnmg  pre^ 
sumption  in  favour  of  its  original  fluidity.     It  is 
remarkable  how  little  influence  the  sea  has  on  the 
variation  of  the  lengths  of  the  arcs  of  the  meridian 
or  on  gravitation,  neither  does  it  much  aflbct  the 
lunar  inequalities,  from  its  density  being    only 
about  a  fifth  of  the  mean  density  of  the  earth. 
For,  if  the  earth  were  to  become  fluid  after  being 
stripped  of  the  ocean,  it  would  assume  the  form  of 
an  ellipsoid  of  revolution  whose  compression  is 
sttW?  which  difiers  very  little  from  that  deter- 
mined by  observation,  and  proves,  not  only  that 
the  density  of  the  ocean  is  inconsiderable,  but  that 
its  mean  depth  is  very  small.     There  may  be  pro- 
found cavities  in  the  bottom  of  the  sea,  but  its  mean 
depth  probably  does  not  much  exceed  the  mean 
height  of  the  continents  and  islands  above  its  level. 
On  this  account,  immense  tracts  of  land  may  be 
deserted  or  overwhelmed  by  the  ocean,  as  appears 
xeally  to  have  been  the  case,  without  any  great 
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change  in  the  form  of  the  terrestrial  ipheroid.  The 
variation  in  the  length  of  the  pendulum  was  first 
remarked  by  Richter  in  1672,  while  observing 
transits  of  the  fixed  stars  across  the  meridian  at 
Cayenne,  about  five  d^rees  north  of  the  equator. 
He  found  that  his  clock  lost  at  the  rate  of  2"-  28^ 
daily,  which  induced  him  to  determine  the  length 
of  a  pendulum  beating  seconds  in  that  latitude  ; 
and  repeating  the  experiments  on  his  return  to 
Europe,  he  found  the  seconds  pendulmn  at  Paris 
to  be  more  than  the  twelfth  of  an  inch  longer  than 
that  at  Cayenne.  The  form  and  size  of  the  earth 
being  determined,  it  furnishes  a  standard  of  mea- 
sure with  which  the  dimensions  of  the  solar  system 
may  be  compared. 

SECTION   VIII. 

The  parallax  of  a  celestial  body  is  the  angle 
under  which  the  radius  of  the  earth  would  be 
seen  if  viewed  from  the  centre  of  that  body ;  it 
affords  the  means  of  ascertaining  the  distances  of 
the  sun,  moon,  and  planets.  Suppose,  when  the 
moon  is  in  the  horizon  at  the  instant  of  rising  or 
setting,  lines  to  be  drawn  from  her  centre  to  the 
spectator  and  to  the  centre  of  the  earth;  these 
would  form  a  right-angled  triangle  with  the  ter* 
restrial  radius,  which  is  of  a  known  length ;  and 
as  the  parallax  or  angle  at  the  moon  can  be 


o 


■msuod^ail  ti«r  an^^  mail  one  nde  uw  gpras* 
ndience  the^tiituieB  o£  t&e  btook  finmr  the  e«ite» 
0^  tbe  rartk  nmy  In  computsoL  Thr  podtekt^ 
n  dbjaet;  mof  be  linBid^if  tve^^  olntrwfr  vodea 
the  fame-  mendwis^  bo^  at  a.  ver}^  gjwat  fatMMa 
ftonr  cms?  anathaj  aiosnsce  iis  ztniUir  <iKfihwwfl  en 
^  lamr  da^r  at  tike:  tiatr  of  ^  paoKigsr  oip^.  tbti 
meaiSaaL.  B^  sncb  emrtenporaneDin  loiuaamiaBmk 
9t  the  Capeof  Good  i&spr  aodr  at  Beiiiii^  the-meaoi 
kflBBizDatalr  paralkz  o£  Idie  moon  ^waa  foiindr  to  ba 
^AS&\  "ndamoe  tiia  inaaEEb  diatanea  ol.  the;  moan  is 
about  mx^iwtA  tiie  mean  terrestrial.  radMB^atr 
331960  miinp  nearify..  ISnoe  the  pajraUas^ift  ofpiail 
tO'  tte  radnia  of  tl»  eaErtib  diidded  hf  .  1^  diafamutt 
of  the  moon,  it  varies  with  the:  diatanea  of  d«r 
moon  from  the  earth  under  the  same  parallel  of 
latitude,  and  proves  l^e  dlipticity  of  the  limar 
orbit ;  when  the  raooa*  is>at  her  mean  dtattoieey  it 
variea  wi^  the  terrestrial  radii,  thtra  sftowmg^  timt? 
^  earth  is  not  a  spiieFe. 

Althouj^f  the  method  deseribed  ia  ssfioieKt^ 
aeenrate  for  fiadiBg  the  paralkx  of  an  object  a» 
near  aa  the  moon,  it  will  not  answer  for  the  smx, 
which  ia  so'  remote  that  the  smallest  error  is 
observatibn  would  lead  to  a  fake  residt ;  bisir  itet 
difficulty  ia  obviated  by  the  transits  oS  Vamiav 
When  thai;  planet  is  m  her  nodes^  or  widiui:  I-J-** 
of  them',  that  is,  in,  or  nearly  in,  the  ptane  of  tbe 
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eriipdc,  1^  is  occasionaUf  seen  to  paflv  orer  tbr 
MED  l&er  a  black  ipot.  .  If  we  coald  inugine  tbttt 
the  BUD.  and  Venm  had  no  panUiuc,  tite  line 
dcBcnbed   fajr  tlie   plaoet  on  Ikia  diac  and  the 
dnnstioB  of  the  tanad  wouM  be  dke  aama  to  M 
the  infaahitmitg  o£  die  earth;   but  n  the  waaA-' 
diameter  of  the  earth  faaa  s  aenaifaie  magnitiidt 
when'  viewed;  from  the  eentre  ol  the  mm,  the  Inr 
deaeribed  %  the  phuiet  in  its  paaaage  oveF  hia  cBao 
appeanr  tOi  be  nearer  to  hia  centve,  op  £nrtheF  from 
it,.  aooQidini^  to  the  position  of  the  obaerver;  ao" 
that  the  duration  of  1^  tranait  variea  with  the 
difiarent  pomtv  of  the  earth's  surftice  at  which  it  ia 
observed.    Thia  di£Ebrence  of  time,  being  entoely 
the  effect  of  parallax,  fumiahes  the  means- o#  com- 
puting it  from  the  known-  motioBB  of  the  eartb 
and  VenoB,  by  the  same  method  as  for  the  eclipaea 
of  the  stun    in  fiict,  the  ratio  of  die  diatancea  of 
VenuB  and  the  son  from  the  earth  at  the  time  of 
the  transit  are  known  from  the  theory  of  their  dlip* 
tical  motion,  oonaequently  the  ratia  of  the  paral- 
laxes of  theae  two  bodies,  being  inveradj  as  their 
diatanoes,  i»  given ;  and  aa  the  transit  gives  the 
difGerenee  of  the  pamUazea,  that  of  the  sun  ia 
obtained.    In  1 769,  the  parallax  of  the  sun  was 
determined  by  obeerrations  of  a  transit  of  Venus 
made  at  Wardhus  in  Lapland,  and  at  Otaheite 
in  the  South  Sea^;  thektter  observatimi  was  the 
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object  of  Cook's  first  voyage.  The  transit  lasted 
about  six  hoUrs  at  Otaheite,  and  the  difieience  in 
duration  at  these  two  stations  was  eight  minutes; 
whence  the  sun's  horizontal  parallax  was  found  to 
be  8''''72 :  but  by  other  considerations  it  has  been 
reduced  to  8''*5'7'7 ;  from  which  the  mean  dis- 
tance of  the  sun  appears  to  be  about' 92246700 
miles,  or  ninety-two  millions  of  miles  nearly. 
This  is  confirmed  by  an  inequality  in  the  motion 
of  the  moon,  which  depends  upon  the  parallax  of 
the  sun,  and  which,  when  compared  with  observa- 
tion, gives  8"*6  for  the  sun's  parallax. 

The  parallax  of  Venus  is  determined  by  her 
transits,  that  of  Mars  by  direct  observation,  and  it 
is  foimd  to  be  nearly  double  that  of  the  sun  when 
the  planet  is  in  opposition.  The  distances  of 
these  two  planets  from  the  earth  are  therefore 
known  in  terrestrial  radii;  consequently  their 
mean  distances  from  the  sun  may  be  computed; 
and  as  the  ratios  of  the  distances  of  the  planets 
from  the  sun  are  known  by  Kepler's  law,  their 
absolute  distances  in  miles  are  easily  found. 

Far  as  the  earth  seems  to  be  from  the  sun,  it  is 
near  to  him  when  compared  with  Uranus ;  that 
pl|net  is  no  less  than  1843000000  of  miles 
from  the  luminary  that  warms  and  enlivens  the 
world ;  situate  on  the  verge  of  the  system,  the  sun 
must  appear  to  it  not  much  larger  than  Venus 
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does  to  US.  The  earth  cannot  even  be  visible  as  a 
telescopic  object  to  a  body  so  remote ;  yet  man, 
the  inhalntant  of  the  earth,  soars  beyond  the  vast 
dimennons  of  the  system  to  which  his  planet 
belongs,  and  assumes  the  diameter  of  its  orbit  as 
the  base  of  a  triangle,  whose  apex  extends  to  the 
stars. 

Snblime  as  the  idea  is,  tliis  assumption  proves 
ineffectual,  for  the  apparent  places  of  the  fixed 
stars  are  not  sensibly  changed  by  the  earth's  an- 
nual revolution ;  and  with  the  aid  derived  from  the 
refinements  of  modem  astronomy,  and  of  the  most 
perfect  of  instruments,  it  is  still  a  matter  of  doubt 
whether  a  sensible  parallax  has  been  detected  even 
in  the  nearest  of  these  remote  suns.     If  a  fixed 

• 

star  had  the  parallax  of  one  second,  its  distance 
from  the  sun  would  be  20500000000000  of 
miles.  At  such  a  distance  not  only  the  terrestrial 
orbit '  shrinks  to  a  point,  but  the  whole  solar 
system  seen  in  the  focus  of  the  most  powerful 
telescope,  might  be  covered  by  the  thickness  of  a 
spider's  thread.  Light  flying  at  the  rate  of 
200000  miles  in  a  second,  would  take  three  years 
and  seven  days  to  travel  over  that  space ;  one  uf 
the  nearest  stars  may  therefore  have  been  kindled 
or  extinguished  more  than  three  years  before  we 
could  have  been  aware  of  so  mighty  an  event. 
But  this  distance  must  be  small  when  compared 
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wkh  that  of  tlie  most  remote  of  the  bodies 
tat  Tinble  in  the  heavens.  The  faed  stara  art 
TBidoiibtedly  himinouB  like  the  aon ;  it  k  tlwscfbie 
probable  that  they  are  not  nearer  to  («m  aaodier 
than  the  min  is  to  the  nearest  of  then,  in  fhs 
milky  way  and  the  other  starry  nebobe,  samB 
of  the  stars  that  seem  to  us  to  be  close  to  otken, 
may  be  ha  behuid  them  in  the  boondlesa  depth  of 
apace;  nay,  may  be  ratiooally  supposed  to  be 
situate  many  thousand  times  £Btrther  off;  li|^ 
would  therefore  require  thousandsof  years  to  come 
to  the  earth  from  those  myriads  of  sma,  of  i^ich 
our  own  is  but  *  the  dim  and  renote  eompunoiL* 

SBCTION    IX. 

Thr  masses  of  such  pfanets  as  hate  no  satdlites 
are  known  by  comparing  the  inequaHtiea  they 
inoduce  in  the  motions  of  tiie  earth  and  of  each 
other,  determined  theoretically^  with  the  same 
inequafities  given  by  observation,  for  iSke  distui^ 
ing  cause  must  necessarily  be  proportional  to  tbe 
effect  it  produces.  But  as  the  quantities  of  matter 
in  any  two  primary  planets  are  directly  as  the 
cubes  of  the  mean  distances  at  whidi  their  satel- 
lites revolve,  and  inversely  as  the  squares  of  their 
periodic  times,  the  mass  of  the  sun  and  of  any 
planets  which  have  sateDitea  may  be  eomp«red 
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with  the  nuuN  of  ihft  eurth.  In  tlut  ■Mtniier  it  k 
CQsnputBd  diat  die  nuun  of  tlie  sun  b  354996 
times  that  of  the  esrth ;  whence  the  great  pertur* 
batknis  of  the  mooii^  and  the  rapid  motion  of  tho 
perigee  and  nodes  of  her  orhit  Eren  Jupiter,  the 
largest  of  the  planets,  is  1050  times  less  than  the 
son;  or,  as  was  recently  determined  by  the  pertur- 
faationa  of  £ncke*s  comet,  appears  the  1053*9a4th 
part  of  the  son.  The  mass  of  the  moon  is  deter- 
myi^  fimn  several  sonrces,-— from  her  action  oo 
the  tencstrial  equator,  which  occasions  the  nntfr* 
tion  in  the  sods  of  rotation ;  from  her  horisontal 
parallax ;  irom  an  inequality  she  produces  in  the 
Bun*8  kngitode,  and  from  her  action  on  the  tides. 
The  three  first  quantities,  computed  from  theory  and 
compared  with  their  observed  yalues,  give  her 
mass  respectively  equal  to  the  -7V9  rhty  ^^^1  ^hr 
part  of  that  of  the  earth,  which  do  not  difier  much 
from  each  other.  Dr.  Brinkley,  Bishop  of  Cloyne, 
has  found  it  to  be  tV  ^^  ^^  constant  of  lunar 
nutation ;  but  from  the  moon's  action  in  raising  the 
tides,  her  mass  appears  to  be  about  the  seventy- 
filth  part  of  that  of  the  eartih,  a  value  that  cannot 
difier  much  from  the  truth. 

The  apparent  diameters  of  the  sun,  moon,  and 
pHanets  are  determined  by  measurement ;  therefore 
tlieir  real  diameters  may  be  compared  with  tibat  of 
the  earth ;  for  the  real  diameter  of  a  ^anet  is  to 
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the  real  diameter  of  the  earth,  or  7912  miles,  as 
the  apparent  diameter  of  the  planet  to  the  appa- 
rent diameter  of  the  earth  as  seen  from  the  planet, 
that  is,  to  twice  the  parallax  of  the  planet. 
The  mean  apparent  diameter  of  the  «un  is  1922"*  8, 
and  with  the  solar  parallax  S^'SII,  it  will  be 
found  that  the  diameter  of  the  sun  is  about 
886860  miles ;  therefore  if  the  centre  of  the  sun 
were  to  coincide  with  the  centre  of  the  earth,  his 
Tolume  would  not  only  include  the  orbit  of  the 
moon,  but  would  extend  nearly  as  far  again,  for 
the  moon's  mean  distance  from  the  earth  is  about 
sixty  times  the  earth's  mean  radius,  or  231360 
miles :  so  that  twice  the  distance  of  the  moon  is 
4*74960  miles,  which  differs  but  little  from  the 
solar  radius ;  his  equatorial  radius  is  probably  not 
much  less  than  the  major  axis  of  the  lunar  orbit. 
The  diameter  of  the  moon  is  only  2160  miles; 
and  Jupiter's  diameter  of  91509  miles  is  very 
much  less  than  that  of  the  sun ;  the  diameter  of 
Pallas  does  not  much  exceed  79  miles,  so  that  an 
inhabitant  of  that  planet,  in  one  of  our  steam-car- 
riages, might  go  round  his  world  in  a  few  hours. 

Before  entering  on .  the  theory  of  rotation,  it 
may  not  be  thought  foreign  to  the  subject  to  give 
some  idea  of  the  methods  of  computing  the  places 
of  the  planets,  and  of  forming  astronomical  tables. 
Astronomy  is-  now  divided  into  the  three  distinct 
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dqpartments.of  theory,  observation,  sud  coinput»- 
tion.  Since  the  problem  of  the  three  bodies  can 
only  be  solved  by  approximation,  the  analytical 
astitHiomer  determines  the  position  of  a  planet  in 
space  by  a  series  of  corrections.  Its  place  in  its 
circular  orbit  is  first  found,  then  the  addition  or 
subtraction  of  the  equation  of  the  centre  to  or 
from  its  mean  place  gives  its  position  in  the 
ellipse ;  this  again  is  corrected  by  the  application 
of  the  principal  periodic  inequalities ;  but  as  these 
are  determined  for  some  particular  position  of  the 
three  bodies,  they  require  to  be  corrected  to  suit 
other  relative  positions  This  process  is  continued 
till  the  corrections  become  less  than  the  errors  of 
observation,  when  it  is  obviously  unnecessary  to 
carry  the  approximation  further.  By  a  similar 
method,  the  true  latitude  and  distance  of  the  planet 
from  the  sun  are  obtained. 

All  these  quantities  are  given  in  terms  of  the  time 
by  general  analytical  formulse;  they  will  conse- 
quently give  the  exact  place  of  the  body  in  the 
heavens,  for  any  time  assumed  at  pleasure,  pro- 
vided they  can  be  reduced  to  numbers ;  but  before 
the  calculator  begins  his  task,  the  observer,  must 
furnish  the  necessary  data.  These  are  obviously 
the  forms  of  the.  orbits,  and  their  positions  with 
regard  to  the  plane  of  the  ecliptic.  It  is  therefore 
necessary  to  determine  by  observation  for  eaoh 
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pkiMit,  the  ki^ith  of  tbn  10190:  axn^  ite  oiirit, 
4iie  tneeatricityy  the  indizMitioa  of  Him  «rbit  ta  ^ 
pkne  of  die  ecliptic,  the  loi^tiidM  oF  its  perflie- 
Uoftk  and  asGendiiig  node  at  a  grre&  Ixmn^  the 
<»die  time  of  the  planet,  and  its  longitode  at;aBji 
fltant,  arbitrarily  aflsumed  as  an  oi%in  from  iwlwBoe 
all  its  subsequent  and  antecedent  longitudes  aie  es- 
timated. Each^ftlieBe  quantities  isdetermined  from 
<iiat  position  of  llie  planet  on  yMck  it  has  xamft  in- 
fluence. FV)r  ^utmple,  t^e  sum  of  the  grcateMt  and 
least  distances  of  the  planet  from  the  son  iacqaal 
to  the  major  axis  of  the  oihit,  and  their  difiieraaoe 
n  equal  to  Ike  exeentricity ;  the  loi^tude  of  ^lae 
planet,  when  at  its  least  distance  from  the  am,  is 
tihe  same  with  tiie  longitude  of  the  peiiheKon;  (3ie 
gteatest  latitude  of  the  pfamet  is  equal  to  the  indi- 
nation  of  the  orbit;  and  the  longitude  vf  the 
planet,  when  in  the  plane -of  the  ediptic  in  passing 
towards  the  north,  is  the  longitude  of  the  ascend- 
ing node.  But,  notwithstanding  the  excdlence4)f 
'  instrumentB  axid  the  accuracy  of  modem  obiewera, 
the  unavoidable  errors  (tf  observation  can  4aAj  be 
compensated  by  finding  t^e  vidue  sf  each  ekement 
from  the  mean  of  perhaps  a  thousand,  or  even  many 
thousands  of  observations :  ibr  as  it  is  probable  that 
the  errors  are  not  all  in  one  direction,  hut  tlwt  some 
are  in  excess  and  others  in  defect,  tiaey  will  conpen- 
-aale  each  other  when  combined. 
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UwmmtMy  the  f«l«et  of  the  demeotft  detor* 
wmybi  leyilriy  €Uk  cnly  be  regMdod  m  af» 
jpiiniMU^  beenae  Cfaey  are  to  connected  Ikil 
dM  ortOHUioB  of  any  oae  independeiiUy  will 
■iiJBni  eRen  at  te  odierB,  Sm  the  exoentncily 
iepedbiqKm  lihe  Uncitwip  of  the  panhdioa,  the 
■Mm  uitiMi  dgpgfli  ofnn  the  major  azM,  the 
i^ig^tii^  «f  llie  Bode  «pon  the  iwHnairiMi  of  the 
oifcit,  obA  cmo  «fr»d,  conequenlly  the  place  oi  e 
pjanrt  jMHinwiied  with  the  mppraumate  data,  will 
dtffar  firam  Its  ohierfed  place :  then  the  difficulty  ia 
io  aaoatain  wkiit«leneiita  are  moit  in  £uilty  since 
the  difference  in  question  is  the  enor  of  ail,  hot 
that  is  obyiated  by  finding  the  errors  of  some 
thousands  of  observations,  and  combining  them 
so  as  to  correct  the  elements  simultaneously,  and 
to  make  Ihe  aom  of  the  squares  of  the  errara 
m  inimvM  wkh  legard  to  each  element  The 
MBtlMd  of  acoompliahing  this  depends  upon  the 
Tl0ary«f  fPlwhabilitiea,  a  suhfect  fertile  ia  meat 
iaqpavtant  ic— ka  in  die  varioua  dqMotments  of 
aeieiioe  aad  of  civfl  life,  and  quite  indispenaabk  ia 
tbe  determiaation  of  astronomical  data.  A  seriea 
of  olMenraitienB  eontinued  lor  some  yean  will  give 
ainnoiiaiBtt  Taluea  of  the  secalar  and  periodic 
iae^puditM,  which  nuut  be  comcted  from  time  to 
Cnae  tffl  theory  and  obaervation  agsee ;  and  when 
afl  these  qjoanftilies  are  delenuned  in  anrnhcia^ 
llie  longkivle,  latitade,  and  distaooea  of  tte  fiaast 
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from  the  sun  are  computed  for  stated  intenrals, 
and  formed  into  tables,  arranged  according  to  the 
time  estimated  from  a  given  epoch,  so  that  the 
place  of  the  body  may  be  determined  from  them 
by  inspection  alone,  at  any  instant,  for  perhaps  a 
thousand  3rears  before  and  after  that  epocdu  By 
this  tedious  process,  tables  have  been  compiited 
for  eleven  planets,  besides  the  moon  and  the  satel- 
lites of  Jupiter.  Those  of  the  four  new  planets  are 
astonishingly  perfect,  considering  that  these  bodies 
have  not  been  discovered  more  than  thirty  3reai«, 
and  a  much  longer  time  is  requisite  to  devdojl 
their  inequalities. 

SECTION    X. 

The  oblate  form  of  several  of  the  planets  indicates 
rotatory  motion ;  this  has  been  confirmed,  in  most 
cases,  by  tracing  spots  on  their  surface,  by  which 
their  poles  and  times  of  rotation  have  been  deter- 
mined.  The  rotation  of  Mercury  is  unknown,  on  ac- 
count of  his  proximity  to  the  sim ;  and  that  of  the 
new  planets  has  not  yet  been  ascertained.  The  sun 
revolves  in  twenty-fi,ve  days  and  ten  hours  about 
an  axis  which  is  directed  towards  a  point  half-way 
between  the  pole-star  and  Lyra,  the  plane  of  rota- 
tion being  inclined  by  7°  20',  or  a  little  more  than 
seven  degrees,  to  the  plane  of  the  ecliptic.  From 
the  rotation  of  the  sun,  there  is  every  reason  to 
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believe  that  he  has  a  progresshre  motion  in  space, 
although  the  direction  to  which  he  tends  is  un- 
known :  bat  in  consequence  of  the  reaction  of  the 
planets,  he  describes  a  small  irregolar  orbit  about 
the  centre  of  inertia  of  the  system,  never  deviating 
from  Ids  position  by  more  than  twice  his  own 
diameter,  or  a  little  more  than  seven  times  the 
distance  of  the  moon  from  the  earth.  The  son  and 
an  his  attendants  rotate  from  west  to  east,  on  axes 
that  remain  nearly  parallel  to  themselves  in  every 
point  of  their  orbit,  and  with  angular  velocities 
that  are  sensibly  uniform.  Although  the  unifor- 
mity in  the  direction  of  their  rotation  is  a  circum- 
stance hitherto  unaccounted  for  in  the  economy  of 
nature,  yet  from  the  design  and  adaptation  of 
every  other  part  to  the  perfection  of  the  whole,  a 
coincidence  so  remarkable  cannot  be  accidentid; 
and  as  the  revelations  of  the  planets  and  sa- 
tellites are  also  from  west  to  east,  it  is  evident 
that  both  must  have  arisen  fron  the  primitive  cause 
which  has  determined  the  planetary  motions^ 
Indeed,  La  Place  has  computed  the  probability  to 
be  as  four  millions  to  one,  that  all  the  motions  of 
the  planets,  both  of  rotation  and  revolution,  were 
at  once  imparted  by  an  original  common  cause,  but 
of  which  we  know  neither  the  nature  nor  the  epoch. 
The  larger  planets  rotate  in  shorter  periods 
than  the  smaller  planets  and  the  earth,  their  oan- 
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«f  tbe  OTB  adl  of  lhm  «ribdiiin 
■ntstiaa  in  ^bdr  fl■el^  and  «  fveoesnaii  of  iSbek 
tgrnamm  mnBut  to  that  mhdch  «blajaa.  aa  li» 
temfatrial  ajpheroid,  £pom  Ae  attgaction  oiiim^ aatt 
and  iM»n  aoJte  jHonaecat  natter  at  liie^wiustan 
It  it  am  evide&t  amBequoice  of  Kepfe]f«- lav  of 
Utt  MfMBBi  of  ds  periodic  tniea  of  the  jglkmdB 
h«Bg  ai  tiie  cnhea  of  the  mi^  axea  of  4iar 
orhitB,  th«t  the  heaiFeniy  bodies  move  wkmta  lUm 
£ntfaer  they  are  ^b)iii  the  8UIL  In  ^xuoptaiqg  tiie 
peiiodi  of  the  levolntioni  «f  Jnpiler  and  Selmi 
with  the  times  of  their  rotation,  it  appeaifr  thats 
year  of  Jn^piter  eontaans  neaiiy  ten  thousand  of  hia 
daya,  and  that  of  Satnin  about  thirty  thanaaad 
Satumian  4ByB. 

The  gypearjtnce  of  Saetorn  is  nnparaHekd  im  the 
Intern  of  the  world;  he  is  «  spheroid  wbaat  960 
tiBKs  larj^r  than  the.  earth,  flranovnded  hy  ^k.ilaif 
even  brighter  thscn  himself,  whidi  always  leawna 
ane^ended  in  ike  plane  of  his  ecpiator,  «nd  Yienod 
with,  a  i9ery  goodtdesoope,  it  is  found  to  coiMUit  <£ 
two  concenldk;  rings,  divided  by  a  dark  iMttd.  The 
mean  distance  of  tiie  interior  part  of  thia  deidile 
ring  £roBi  tiie  sur&oe  of  the  pknet  is  about  23249 
miles,  it  as  no  ksss  than  33360  mites  hroadt.  ho^  ' 
fay  esthnatioa,  its  thidaiesB  4oe8  not  mvcii  ttseed 
2M  nuka,  jo  ^mA  it  appearo  like  «  plane^    Mj 
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the  km  of  »mHmi»cii,  it  it  wiii  i  ililii  UmA  iAm 
b&if  cma  mtmm  ki  poMtic»  bf  the  adhnMi  «f  ili 
^pmrtMfkmtkofmt;  it  most  neoeMtifly  xevidM  iniii  a 
fciodty  tfaat  wSL  genente  a  ocBtrif«g»l  finnoe 
irfiHMit  to  faiUnoe  tlie  Attnctkm  of  Satua. 
ObMrvifeioo  oonfinw  the  tnitk  of  tkoK  priari|4o% 
iihnwimi;  ^^^  ^  ™8*  rotate  about  the  planet  in 
tea  howza  and  a  half^  which  it  coniiderahly  le«i 
tfaan  the  time  a  aaldlite  would  take  to  levolve 
about  £latnBi  at  the  aame  distance.  Their  pkMne 
im  iadinedto  the  ediptic,  at  an  angle  of  38°  39 
45";  aadyineontequenceof  thiaoUi^uityof  poflh 
tien,  they  always  iqppear  eUi|itical  to  va,  but  with 
an  exceatncity  ao  variable  aa  erem  to  be  ooca- 
aionally  like  aatraight  line  drawn acroea  the  planet. 
la  Ike  bef^nmng  ttf  October^  1833»  the  plane  of 
thenngi  pasaed  through  the  omtveof  the  earth; 
m  llwt  poeition  they  are  only  viaiUe  with  veiy 
uKiperior  instniaaenti,  and  appear  like  a  fine  Mne 
jMsoia  the  disc  of  Saturn.  About  the  middle  of 
DeocndKT,  in  the  aame  year,  the  rings  become 
nmsiUe,  with  onhnaTy  instruments,  on  aooffuat 
of  their  plane  passing  through  the  sun.  In  die 
end  «f  April,  1833,  the  rings  vanished  a  seoond 
time,  and  roappeared  in  June  of  that  year. 

it  ia  a  ajngular  result  of  theory,  that  the  limffi 
4smM  not  Baaintaia  tkeir  stid>^ty  of  rotation 
ii  they  were  «voiy  whoe  of  uniiurm  thinlnn^^ 
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for  the  BxnalleBt  digturbanoe  would  destroy  the 
equilibrium,  which  would  become  more  and  moie 
deranged  till,  at  last,  they  would  be  precipitated 
on  the  surface  of  the  planet.  The  rings  of  Saturn 
must  therefore  be  irregular  solids  of  unieqiud 
breadth  in  difierent  parts  of  the  circumference^ 
so  that  their  centres  of  gravity  do  not  coincide 
with  the  centres  of  their  figures.  Professor  Stnive 
has  also  discovered  that  the  centre  of  the  ring  is 
not  concentric  with  the  centre  of  Saturn;  the 
interval  between  the  outer  edge  of  the  globe  of 
the  planet,  and  the  outer  edge  of  the  ring  on  one 
side,  is  11"*073,  and,  on  the  other  side,  the 
interval  is  11 '''288,  consequently  there  is  an 
excentricity  of  .the  globe  in  the  ring  of  (y''215. 
If  the  rings  obeyed  different  forces,  they  would  not 
remain  in  the  same  plane,  but  the  powerful  attrac- 
tion of  Saturn  always  maintains  them  and  his 
satellites  in  the  plane  of  his  equator.  The  rings, 
by  their  mutual  action,  and  that  of  the  sun  and 
satellites,  must  oscillate  about  the  centre  of 
Saturn,  and  produce  phenomena  of  light  and 
shadow  whose  periods  extend  to  many  years. 

The  periods  of  rotation  of  the  moon  and  the 
other  satellites  are  equal  to  the  times  of  their 
revolutions,  consequently  these  bodies  always  turn 
the  same  face  to  their  primaries :  however,  as  the 
Ttieun  motion  of  the  moon  is  subject  to  a  secular 
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inequality,  which  will  ultimately  amount  to  many 
circmnferenoes,  if  the  rotation  of  the  moon 
were  perfectly  uniform,  and  not  affected  by  the 
same  inequalities,  it  would  cease  exactly  to  coun- 
terbalance the  motion  of  revolution;  and  the 
moon,  in  the  course  of  ages,  would  successively 
and  gradually  discover  every  point  of  her  surface 
to  the  earth.  But  theory  proves  that  this  never 
can  happen;  for  the  rotation  of  the  moon, 
though  it  does  not  partake  of  the  periodic  inequa- 
lities of  her  revolution,  is  a£fected  by  the  saiie 
secular  variations,  so  that  her  motions  of  rotation 
and  revolution  round  the  earth  will  always  balance 
each  other,  and  remain  equal.  This  circumstance 
arises  from  the  form  of  the  lunar  spheroid,  which 
has  three  principal  axes  c^  different  lengths  at 
right  angles  to  each  other. 

The  moon  is  flattened  at  her  poles  from  her  oen* 
trifiigal  force,  therefore  her  polar  axis  is  the  least ; 
the  other  two  are  in  the  plane  of  her  equator,  but 
that  directed  towards  the  earth  is  the  greatest. 
The  attraction  of  the  earth,  as  if  it  had  drawn  out 
that  part  of  the  moon's  equator,  constantly  brings 
the  greatest  axis,  and  consequently  the  same-hemi- 
sphere, towards  us,  which  makes  her  rotation  parti- 
cipate in  the  secular  variations  in  her. mean  motion 
of  revolution.  Even  if  the  angular  velocities  of  ro- 
tation and  revolution  had  not  been  nicely  baUncei 


•f  the  eairlii  would  hmwt  renled  the  gfestait  nds 
t»the  direction  of  the  Hne  joinnii^tlie  ccntzci  of  te 
noon  and  esrtlt ;  eo  t^t  it  wodid  have  libntod 
on  each  side  of  that  line  in  die  tame  nMnmer  as 
a  pendnliiin  oeeiUatea  on  each  nde  of  the  vertical 
from  the  infliienoe  cf  gravitatianL  No  aach  Hbra- 
tiooisperoeptibie;  and  as  the  amalkBt  diaterb- 
ance  wotdd  make  it  evidmt,  it  is  dear  that  if 
the  moon  baa  ever  been  touched  by  a  comet,  tbe 
mfcaa  of  the  latter  nniat  have  been  extremel j  amafi  ; 
ibr  if  it  had  been  only  the  hmdred  thonwandth  part 
of  diat  of  the  earthy  it  iwould  have  icndeted  the 
fibration  aenaible.  According  to  analyaia,  a  annilar 
lilnration  exiata  in  the  motiona  of  JnpitePa  aatel- 
litea,  which  atill  remains  inaenatUe  to  obaervatkm. 
It  is  true  the  moon  is  liable  to  lifaimtiaiia  de- 
pending upon  the  position  of  the  apectator;  at 
her  rising,  part  of  the  weatem  edge  of  her  disc  ia 
visible,  which  is  invisible  at  her  setting,  and  the 
contrary  takes  place  with  regard  to  her  eastern 
edge.  There  are  alao  librations  ariaii^  from  the 
relative  positiona  of  the  earth  and  moon  in  their 
reapective  orbits,  but  as  they  are  only  optical  ap* 
pearancea,  one  hemisphere  will  be  eternally  con- 
cealed from  the  earth.  For  the  aame  reaaon,  the 
earth,  which  must  be  ao  aplendid  an  object  to  one 
hmar  hemiaphere,  will  be  &r  ever  veikd  hom  the 
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•dier.  Otk  moomm/t  af  these  chcoMlnoeB,  tlie 
lewoter  kensphae  of  tfcie  mooD  Imb  ite  day  a 
liEirtaigiil  Ismg,  and  a  nigbt  of  the  fame  daiatioii, 
mat  efCB  eoMghleiied  by  a  moon,  wUe  dK  favmirei 
ffde  »  fflnmniated  by  the  lefledioii  of  the  eaitii 
during  its  long  night.  A  phmet  exhAntiiig  a  sur* 
face  thirteen  times  larger  than  that  of  the  moon, 
with  all  the  varieties  of  clouds,  land,  and  water 
coming  successively  into  view,  would  be  a  splendid 
Qfl^eet  t9a  hmar  traveler  in  a  journey  to  his  antN 
podes.  Hie  gieat  hdght  of  the  hmar  mountains 
probably  haa.a  considerable  inflaenoe  on  the  phe-> 
Bonena  of  her  motioR,  the  mote  so  as  her  oom* 
prcseioii  is  small,  and  her  mass  eonaidcraible.  In 
the  earve  pawing  throagfa  the  poles,  and  that 
diameter  of  the  noon  which  aliwaya  points  to  the 
earth,  natose  has  famished  a  permanent  merittaii, 
ta  wluidi  the  dilferent  spots  on  her  sur&oe  have 
heed  idenod,  and  thenr  positions  determned  with 
as  vrnIi  aeeoraey  as  those  of  many  of  t^  meat 
yemailaiMe  pkoes  on  the  suriiue  af  our  globe. 

The  ^stance  and  minuteness  of  Jupiter's  satd- 
fifees  lender  it  eiLtiemdy  difficult  to  ascertain  their 
rotation.  It  was,  however,  accomphshed  by  Shr 
William  Henchel  dnm  their  relative  brightnesB. 
He  observed  that  they  alternately  exeeed  each 
other  n  bri^ncy,  and,  by  comparing  the  maxima 
aunnia  of  tMr  iHumiBation  imtii  ti^hr  poai- 
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tions  relatively  to  the  sun  and  to  their  primary,  he 
found  that,  like  the  moon,  the  time  of  their  rota- 
tion is  equal  to  the  period  of  their  revolution  about 
Jupiter.  Miraldi  was  led  to  the  same  conclusion 
with  regard  to  the  fourth  satellite,  from  the  motion 
of  a  spot  on  its  surface. 

SECTION  XI. 

The  rotation  of  the  earth,  which  determines  the 
length  of  the  day,  may  be  regarded  as  one  of  the 
most  important  elements  in  the  system  of  the 
world.  It  serves  as  a  measure  of  time,  and  forms 
the  standard  of  comparison  for  the  revolutions  of 
the  celestial  bodies,  which,  by  their  proportional 
increase  or  decrease,  would  soon  disclose  any 
changes  it  might  sustain.  Theory  and  observa- 
tion concur  in  proving  that,  among  the  innu- 
merable vicissitudes  which  prevail  throughout  cre- 
ation, the  period  of  the  earth's  diurnal  rotation  is 
immutable.  A  fluid,  falling  from  a  higher  to  a 
lower  level,  carries  with  it  the  velocity  due  to  its 
revolution  with  the  earth  at  a  greater  distance 
from  the  centre;  it  will  therefore  accelerate, 
although  to  an  almost  infinitesimal  extent,  the 
earth's  daily  rotation.  The  sum  of  all  these  in- 
crements of  velocity,  arising  from  the  descent  of 
all  the  rivers  on  the  earth's  surface,  would  in  time 
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become  perceptible,  did  not  natme,  by  tbe  procett 
of  evftpomtievi,  raise  tbe  waters  back  to  their 
somroea ;  and  tbnt ,  by  again  removing  matter  to 
a  greater  distance  from  the  centre,  destroy  the 
vekxnty  generated  by  its  previous  approach;  so 
that  the  descent  of  rivers  does  not  a£fect  the 
earth's  rotation.  Enormous  masses  projected  by 
volcanos  from  the  equator  to  the  poles,  and  the 
contrary,  would  indeed  affect  it,  but  there  is  no 
evidence  of  such  convulsions.  The  disturbing 
action  of  the  moon  and  planets,  which  has  so 
powerful  an  efifect  on  the  revolution  d!  the  earth, 
in  no  way  influences  its  rotation;  the  constant 
fricticm  of  the  trade-winds  on  the  mountains  and 
continents  between  the  tropics  does  not  impede  its 
velocity,  which  theory  even  proves  to  be  the  same 
as  if  the  sea,  tog^her  with  the  earth,  formed  one 
solid  mass.  But  although  these  circumstances  be 
inefficient,  a  variation  in  the  mean  temperature 
would  certainly  occasion  a  corresponding  change 
in  the  velocity  of  rotation ;  for,  in  the  science  of 
dynamics,  it  is  a  principle  in  a  system  of  bodies, 
or  of  particles  revolving  about  a  fixed  centre,  that 
the  momentum,  or  sum  of  the  products  of  the 
mass  of  each,  into  its  angular  velocity  and  distance 
from  the  centre,  is  a  constant  quantity,  if  the 
system  be  not  deranged  by  a  foreign  cause.  Now, 
since  the  number  of  particles  in  the  system  ia  the 
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time,  whatever  ito  ten^ontuve  wmf  te,  ^htm 
thdr  dktancseB  £raai  tbe  coate  aae  <ttniMikhfdy 
their  aagukr  vielacity  imst  he  HMsneaaedy  ia  «Hbr: 
thftt  tbe  ipreceding  quanti^  may  atiUl  mmaiB  cnn- 
itant.  It  liEilloiKa  then,  lliat,  «a  the  ipinHtEve 
BManentim  of  rotatioii  with  which  the  earth  waa 
|MN>jected  i&lo  «f»aoe  muat  necessaiiljr  ffemahi  the 
aancy  the  anaUeat  decreaae  in  heat,  hgr  conAracIng 
the  teizeatrial  i^hefoid,  wouhl  acoelerate  ita  mUk- 
tiaa,  and  conaequently  diminiah  the  length  of  thfr 
day.  Notwil^taading  the  ccnatast  aeceaaiaiL  -of 
heat  from  tibe  aun'a  raya,  geologiata  have  heea 
induoftd  to  helieve,  from  tiie  ioual  mamam^  that 
the  jneaa  temperature  of  the  glohe  ia  idocieaan^. 

The  high  temperatuTe  of  mkiea,  hot  afraaga, 
and,  above  all,  the  inteanml  fiioa  which  have  poo- 
duoed  and  do  stiU  occaaton  such  devaataiioii  cm 
our  phnet,  indicate  aa  augmentation  «f  heat 
towards  its  ceotBe;  the  increaae  of  density^  cotm- 
iqponding  to  the  depth  and  the  form  of  the  Apheroid, 
being  what  theory  aBsigns  to  «  fluid  maaa  in  iota- 
tioQ,  concur  to  induce  the  idea  that  the  Ismpera- 
ture  of  the  earth  was  or^inally  ao  high  aa  to 
reduce  aH  the  aubatances  of  which  it  is  cra^poaed 
to  A  state  of  frwion,  or  of  vi^oury  and  that,  in  the 
coarse  of  ages,  it  has  cookd  down  to  ita  preaent 
state;  that  it  is  still  becoming  ooider,  nad  that  it 
wSSL  «ontin«ie  to  do  ao  till  :the  whale  maaa  anma  at 


4he  tempentan  ui  the  nedivm  m  iHiioh  it  is 
llaeody  or  rittrr  at  a  rtale  <f  eynKbtiwn  between 
thie  iBMpMt—ip  iIk  eooling  pofiver  of  tte  own  m* 
diatum,  and  the  heating  effect  of  the  tm's  nye« 

PMnrioBS  to  the  fionnation  of  toe  at  the  poles, 
the  andeut  laadb  of  our  northern  latitudes,  loi^ 
snioa  obliterated,  might,  no  doubt,  hsve  been 
espable  of  pssdndng  those  tropical  plaou  whose 
dBbds,  swept  into  the  deep  at  these  remote  peciodsi 
an  psesen^ed  in  the  cosl  measures  which  must 
have  bem  fixmed  in  the  sbysses  of  the  ocean  prior 
to  the  defutioA  of  the  modem  continents  and 
islands  above  its  sur£Etce.  But,  even  if  the  da» 
CifMBing  temperature  of  the  earth  be  sufficient  to 
produoe  the  observed  effects,  it  must  be  SKteemelj 
slow  la  its  operation;  for,  in  consequence  of  the 
letation  of  the  esrth  being  a  messure  of  the  periods 
of  the  oelestiid  motieiis,  it  has  bera  proved  that^ 
if  the  lei^b  of  the  day  had  decreased  by  the  three* 
thoBMOidth  part  ef  a  second  since  the  obiervatioiis 
sf  Hippsfdhos,  tsro  thousand  yesn  ago,  it  would 
haive  dkninished.the  secular  equation  of  the  moon 

hf4f'*4L  It  is  therefoie  beyond  a  doubt  that  the 
mesn  tempersture  of  the  earth  cannot  have  sensibly 
vianed  during  that  time;  if,  then,  the  appesranoes 
twbilwHtfd  by  the  strsta  are  reaUy  owing  to  a  de» 
eraaseof  internal.tempemture,  it  either  shows  the 
periods  reipiisite  to  pieduee  tT^Vfjurt 
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changes,  to  which  two  thousand  yean  ara  as 
nothing,  or  that  the  mean  temperatme  of  the  earth 
}iad  arrived  at  a  state  of  equilibrium  before  these 
(ibservations. 

.    However  strong  t)ie  indications  of  the  primi- 
tive fluidity  of  the  earth,  as  there  is  no  direct 
])roof  of  it,  the  hypothesis  can  only  be  rc^aided 
as  very  probable ;  but  one  of  the  most  profound 
philosophers  and  elegant  writers  of  modem  times 
has  found  in  the  secular  variation  in  the  excen- 
tricity  of  the  terrestrial   orbit  an  evident  cause 
of  decreasing  temperature.      That  accomplished 
author,  in  pointing  out  the  mutual  dependences  of 
phenomena,  says,  ^  It  is  evident  that  the  mean 
temperature  of  the  whole  surface  of  the  globe,  in 
80  far  as  it  is  maintained  by  the  action  of  the  sun 
at  a  higher  degree  than  it  would  have  were  the 
sun  extinguished,  must  depend  on  the  mean  quan- 
tity of  the  sun's  rays  which  it  receives,  or — ^which 
comes  to  the  same  thmg — on  the  total  quantity 
received  in  a  given  invariable  time ;  and  the  length 
of  the  year  being  unchangeable  in  all  the  fluctua- 
tions of  the  planetary  system,  it  follows  that  the 
total  amount  of  solar  radiation  will  determine, 
ccBteris  parilmsy  the  general  climate  of  the  earth. 
Now,  it  is  not  difficult  to  show  that  this  amount 
is  inversely  proportional  to  the  minor  axis  of  the 
ellipse  described  by  the  earth  about  the  mm,  le- 
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garded  as  slowly  variable ;  and  that,  therefore,  the 
major  axis  remaining,  as  we  know  it  to  be,  con- 
stant, and  the  orbit  being  actually  in  a  state  of 
approach  to  a  circle,  and  consequently  the  minor 
axis  being  on  the  increase,  the  mean  annual 
amount  of  solar  radiation  received  by  the  whole 
earth  must  be  actually  on  the  decrease.  We  have 
therefore  an  evident  real  cause  to  account  for  the 
phenomenon.*  The  limits  of  the  variation  in  the 
excentridty  of  the  earth's  orbit  are  unknown; 
but  if  its  dlipticity  has  ever  been  as  great  as  that 
of  the  orbit  of  Mercury  or  Pallas,  the  mean  tem- 
perature of  the  earth  must  have  been  senttibly 
higher  than  it  is  at  present;  whether  it  was  great 
enough  to  render  our  northern  climates  fit  for  the 
production  of  tropical  plants,  and  for  the  residence 
of  the  elephant  and  other  animals  now  inhabitants 
of  the  torrid  zone,  it  is  impossible  to  say. 

The  relative  quantity  of  heat  received  by  the 
earth  at  different  moments  during  a  single  revolu- 
tion varies  with  the  position  of  the  perigee,  which 
accomplishes  a  tropical  revolutiou  in  21067  years. 
In  the  year  1245  of  our  era,  and  19822  years 
before  it,  the  perigee  coincided  with  the  winter 
solstice;  at  both  these  periods  the  earth  was 
nearer  the  sun  during  the  summer,  and  farther 
from  him  in  the  winter,  than  in  any  other  position 
of  the  apsides;  the  extremes  of  temperature  must 
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iherdbre  lunre  been  greater  thta  aft  fmitiiL,  b«t 
M  the  terrestrial  orbit  was  prpbaMyiaoBB  dipftical 
at  the  distant  epoch,  the  heat  ef  the  aMniiMiB  flnnl 
hanre  been  verj  great,  thoi^  poanblycompaBBateii 
by  the  rigoor  of  the  winten;  at  all  evoife^  iMnie 
of  these  changes  aflfect  the  length  of  the  daj. 

It  appears,  from  the  marine  ahdls  fbimd  oa  tiie 
tops  of  the  highest  monntaina,  and  in  almost  emy 
part  of  the  globe,  that  immense  continenta  ham 
been  elevated  above  the  ocean,  which  mast  base 
engulphed  others.  Such  a  cataatrophe  mniU  be 
occasioned  by  a  variation  in  the  positias  cf  the 
axis  of  rotation  on  the  sur&ce  of  the  eazik;.  i&K 
the  seas,  tending  to  a  new  equator,  vrould  lea^re 
some  portions  of  the  globe  and  overwhefaa  othcca. 
Now,  it  is  found  by  the  laws  of  mechMnes  that, 
in  every  body,  be  its  form  or  density  what  it  msjj 
there  are  at  least  three  axes  at  right  sngleff  to  eadi 
other,  round  any  one  of  which,  if  the  aoisd  bcgms 
to  rotate,  it  wiM  continue  to  revolve  in  ever,  pn»- 
vided  it  be  not  disturbed  by  a  foreign  emua^  hue 
that  the  rotation  about  any  other  axi»  wffll  on^ 
be  permanent  for  an  instant;  conseqnentfy  tie 
poles  or  extremities  of  the  instantaneous  axia  ol 
rotation  would  perpetually  change  their  poaitioK 
on  the  surface  of  the  body.  In  an  ellipscnid  of 
Involution,  the  polar  <Mameter,  and  every  dinmeter 
in  the  plane  of  the  equator,  are  the  only  permanent 


40  bcgift  t»  n«ol««  alR>at  any  dfanetCT 
pok  aiMl  tkt  «fiiator,  tkc  moCioii  vroM  W  m 
imuhMr,  dial  tiie  aadi  of  raditio»  and  the  pontm 
of  tiw  polM  ivmdd  dumge  evcrjF  inBUnL  Heaa^ 
aaiUieaBrthk€kM»not  dtfiSer  Hadk  froia  thw  ig«H^ 
if  il  did  not  inn  SMnd  ok  of  lis  pmiGipai  aows 
tko  fOMtkn  of  Ike  priM  wouldl  dnn^B  didly  ;  iIk 
cfoototy  whidk  is  90^  dntaal^  ipodd  ondo^  oq»* 
lospeadiogiwriotisiift;.  and  die  fesgnpfaicsl  lati* 
tadea  of  att  fkme%  being  ealimafted  from  tke  eqoMr 
tor^  swOTttid  to  be  fixed,  woiiki  'be  perpetvaUj 
fhtOMnng 

A  displaffmiiit  » tbe  posilkm  of  tbo  poles  of 
Galf  taw  bnodxad  niko  woidd  be  suficaent  to  pi»- 
/dnoa  Umbo  efibrta,  andwoold  inuaedantdy  be  do** 
taatod^  bwt  aa  Ike  kftitades  aie  immd  to  be  iii¥o*> 
Tialdfjt  k  mtnf  be  concludtd  that  the  tetrestnal 
■phciOMi  muat  have  levolvod  about  th&  same  osio 
te  afsaw  The  earth  and  pkaets  difisr  ao  litde 
firoBOifiipaaBda  ai  levoiation,  that,  in  all  paobobi^ 
Hl^  0S3^]te8tiDK  firom  one  axis  to  another,  pn^ 
4hBocii  by  the  pnautive  inqpahe  whidi  put  than  in 
molion^  loaal  ha^e  ceased  soon  aiber  tUv  czeation 
inoa  tile  fticlioA  of  ^  flnds  at  their  sadsnesw 

Thoory  also  pfofes  tliat  ncidwr  nutalion,  proi^ 
OBsan^  Bov  817  oi  ti»  dbtortainfifaiecs  that  afiM 
^KSfBrtcp^  haoe  themslkit  niftBBBoe  ontibeaxis 
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of  rotation,  which  maintaiiis  a  permanent  position 
.on  the  BurfiELcey  if  the  earth  be  not  disturbed  in  its 
rotation  by  a  foreign  cause,  as  the  collision  of  a 
comet,  which  might  have  happened  in  the  immen- 
sity of  time.  But  had  that  been  the  case,  its 
effects  would  still  have  been  perceptible  in  the 
variations  of  the  geographical  latitudes.  If  we 
suppose  that  such  an  event  had'  taken  place, 
and  that  the  disturbance  had  been  very  great, 
equilibrium  could  then  only  have  been  restored, 
with  regard  to  a  new  axis  of  rotation,  by  the 

a 

rushing  of  the  seas  to  the  new  equator,  which 
they  must  have  continued  to  do  till  the  sorfiEU^ 
was  everywhere  perpendicular  to  the  direction  of 
gravity.  But  it  is  probable  that  such  an  accumu- 
lation of  the  waters  would  not  be  sufficient  to 
restore  equilibriimi  if  the  derangement  had  been 
great,  for  the  mean  density  of  the  sea  is  only  about 
a  fifth  part  of  the  mean  density  of  the  earth,  and 
the  mean  depth  of  the  Pacific  Ocean  is  not  more 
than  four  miles,  whereas  the  equatorial  radius  of 
the  earth  exceeds  the  polar  radius  by  about  twenty- 
five  miles ;  consequently,  the  influence  of  the  sea 
on  the  direction  of  gravity  is  very  small ;  and  as  it 
thus  appears  that  a  great  change  in  the  position 
of  the  axis  is  incompatible  with  the  law  of  equi- 
librium, the  geological  phenomena  in  question  must 
be  ascribed  to  an  internal  cause.  Indeed,  it  is  now 
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demonstrated  that  the  strata  contaiiung  marine  di- 
luvia,  which  are  in  lofity  situations,  must  have  been 
formed  at  the  bottom  of  the  ocean,  and  afterwards 
upheaved  by  the  action  of  subterraneous  fires.  Be- 
sides,  it  is  clear,  from  the  mensuration  of  the  arcs 
of  the  meridian,  and  the  length  of  the  seconds 
pendulum,  as  well  as  from  the  lunar  theory,  that 
the  internal  strata,  and  also  the  external  outline 
of  the  g^be,  are  elliptical,  their  centres  being 
coincident,  and  their  axes  identical,  with  that  of 
the  Borftioe, — a  state  of  things  which,  according  to 
the  distiiigaished  author  lately  quoted,  is  incom* 
patiblewith  a  subsequent  accommodation  of  the 
surfiioe  to  a  new  and  different  state  cd  rotation 
from  that  which  determined  the  original  distribu- 
tion of  the  component  matter.  Thus,  amidst  the 
mighty  revolutions  which  have  swept  innumerable 
races  of  organized  beings  from  the  earth,  which 
have  elevated  plains,  and  buried  mountains  in  the 
ocean,  the  rotation  of  the  earth,  and  the  position 
of  the  axes  on  its  surface,  have  undergone  but 
slight  variaUons. 

It  not  only  appears  that  the  strata  of  the  ter- 
restrial spheroid  are  concentric  and  elliptical,  but 
the  lunar  inequalities  show  that  they  increase  in 
density  from  the  surface  of  the.  earth  to  its  centre. 
This  would  certainly  have  happened  if  the  earth 
had  originally  been  fluid,  for  the  denser  parts  must 
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ft^fteAe  of  eipniibnilm ;  ¥iit  tile  €n<»m€W»  jmuwan 
«if  the  rapciHieiimlieiit  hmum  i»»0ufteiait  amm 
ftr  the  pkencuiieiioii.  PtofesBor  LeaKe  -ohMVinn 
Ast  air,  cflBipfepBftd  into  Ite  ^ftitA  pnt.  of  its 
ipeftane,  haa  its  eUwdcitf  fifty  tine*  aogmtnted; 
if  k  centiiiiie  to  centraet  at  th«t  ntfe^  it  mmUt, 
fnm  its  own  inemibeBtwdghty  •BfOBe^ttdeiuity 
of  WEter  at  the  depth  of  thhiy-fau:  veakui.  B«t 
water  ka^  woidd  hwve  ito  denntjic  doaUed  at  iim 
depth  criTiuaety-^teeeBRkB^  aMiwooM  evea  attMB 
the  densky  efqvickaiiiBerataiqythWf  attlBAm 
ift  descendkif ,  ther^BPie,  towavds  the  ceatze,thiin§]i 
neariy  4000  mikft,  the  cDndenstt^on  of  ocdnavf . 
rahstanees  wei^  avpaafr  Ite  irtaioet  poweit  of 
efmeeptkm.  Dr.  Young  tnyB  that  «€eel  wodkl  be 
eoHipivBued  into-  ene^-f^iorth  mxi  otone  ntO'  mu^ 
e^hth  of  it»  bnSk  at  the  eairl^s  centre.  Howenr, 
we  are  yet  ignorant  of  the  lams  of  compitmuap  of 
ioMd  boc^  beyond  ft  certain  lisnt ;  thoai^  from 
« the  experiments  of  Mr.  Perkins,  they  appear  to  he 
capable  of  a  greater  degree  of  compressiim  tiMm 
has  generally  been  imagined'. 

But  a  density  SO'  extreme  k  not  borne  o«t  by 
Intrononscalobeervation.  It  mi^t.  Mem  to  fEAow^ 
therefore^  t^at  oar  planet  must  ha^«^  a  widdy 
evremons  structHie,  sad  tiiat  we  tread  on  «  ctnot 
or  aidl  w^oae  thidoieni  bem  a  very  tma/1  pp»- 
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fVtkm  t»  the  tfuneter  ol  ilB  cplHrft     Ptmmhfy, 
^m^  IJMhgMtciiiiiinwibiiitiie  ontial  i^i^mt 

tir  M  mrj'dBVMtfid.  tw(pmtapc> 
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It  liaa  been  showa  that  the  exit  of  ritatifiii  m 
isvixiaUe  aa  the  8iu£ice  of  the  tilth,  and  obMETtp 
tum^  ae  waKl  aa  tlnory,  prove  that,  ynat  it  not  ftr 
the  actien  of  the  lun  and  moon  on  the  oMtlei  aft 
the  eqnator^  it  would  xemain  panllei  to  karif  m 
evoy  point  of  ita  orbiL 

The  attraction  ai  an  external  hodjr  not  anlj 
dnwa.  &  spheroid  towaada  it^  hut,  aa  the  £Bvee 
Mdea  iniMonKly  as  the  square  of  the  distance,  it 
gives  ita  motion  about  its  centre  of  gravity,  unless 
when  the  attraeting.body  is  aituate  in  the  pcolon^ 
ation  of  one  of  the  axea  of  the  spheaoid.  Tfas 
plane  of  the  equator  is  ioclined  to  the  plana 
of  the  ecliptic  at  an  angle  of  2a''  21'  d6''-l; 
and  the  inclination  of  the  lunar  orbit  on  the  ssone 
is  S°  8'  4V^'9;  consequent]^,  from  the  oblate 
figure  of  the  earth,  the  sun  snd  moon  acting 
obii%nriy  and  unei^pially  on  the  difibent  parts  «€ 
ikm  terrestrial  spheroid,  urge  the  |dane  of  the 
equator  firam  ita  direction,  and  fiirce  it  to  nMnie 
ten  east  to  west,  so  that  the  eqainoctial  praMU 
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have  a  slow  retrograde  motion  on  the  plane  of  the 
ecliptic  of  50"*  31512  annually.  The  direct  ten- 
dency of  this  action  is  to  make  the  planes  of  the 
equator  and  ecliptic  coincide,  but  it  is  balanced 
by  the  tendency  of  the  earth  to  return  to  stable 
rotation  about  the  polar  diameter,  which  is  one  of 
its  principal  axes  of  rotation ;  therefore  the  incli- 
nation of  the  two  planes  remains  constant,  as  a 
top  spinning  preserves  the  same  inclination  to  the 
plane  of  the  horizon.  Were  the  earth  spherical, 
this  effect  would  not  be  produced,  and  the  equi- 
noxes would  always  correspond  with  the  same 
points  of  the  ecliptic,  at  least  as  far  as  this  kind 
of  motion  is  concerned.  But  another  and  totally 
different  cause  which  operates  on  this  motion  has 
already  been  mentioned.  The  action  of  the  planets 
on  one  another  and  on  the  sun  occasions  a  very 
slow  variation  in  the  position  of  the  plane  of 
the  ecliptic,  which  affects  its  inclination  to 
the  plane  of  the  equator,  and  gives  the  equi- 
noctial points  a  slow  but  direct  motion  on  the 
ecliptic  of  0"*  15272  annually,  which  is  entirely 
independent  of  the  figure  of  the  earth,  and  would 
be  the  same  if  it  were  a  sphere.  Thus  the  sun 
and  moon,  by  moving  the  plane  of  the  equator, 
cause  the  equinoctial  points  to  retrograde  on  the 
ecliptic,  and  the  planets,  by  moving  the  plane  of 
the  ecliptic,  give  them  a  direct  motion,  though 
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much  less  than  the  fomier;  conseqiieiitly,  the 
difference  of  the  two  is  the  mean  precesnon,  which 
is  proved,  hoth  by  theory  and  obaervation,  to  be 
about  5(y^'22S  annually. 

As  the  longitudes  of  all  the  fixed  stars  are 
increased  by  this  quantity,  the  effects  ci  pie- 
cession  are  soon  detected;  it  was  accordingly 
discovered  by  Hipparchus,  in  the  year  128  be* 
fore  Christ,  from  a  comparison  of  his  own  ob- 
servations with  those  of  Timocharis,  155  years 
befere.  In  the  time  of  Hipparchus,  the  entrance 
of  the  son  into  the  constellation  Aries  was  the 
beginning  of  spring,  but  since  that  time  the  equi- 
noctial points  have  receded  30%  so  that  the  con- 
stellations called  the  signs  of  the  zodiac  are  now 
at  a  considerable  distance  from  those  divisions  of 
the  ecliptic  which  bear  their  names.  Moving  at 
the  rate  of  5(y'*223  annually,  the  equinoctial 
points  will  accomplish  a  revolution  in  25805 
years ;  but  as  the  precession  varies  in  different 
centuries,  the  extent  of  this  period  will  be  slightly 
modified.  Since  the  motion  of  the  sun  is  direct, 
and  that  of  the  equinoctial  points  retrograde,  he 
takes  »  shorter  time  to  return  to  the  equator  than 
to  aifive  at  the  same  stars;  so  that  the  tropical 
year  of  365*242219  mean  solar  days  must  be 
increased  by  the  time  he  takes  to  move  through  an 
arc  of  50^*223,  in  order  to  have  the  length  of  the 
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Mdereat  ymr.  By  sinple  pnipoitMn,  ife.  is  1h^ 
(^014154tlt  p«Ft  ctf  a  ^ty,  «o  tint  the  radenal^nr 
ooiitunB36&'25637S  BMMiiMiardiis^ 

The  mean  annual  preceMMM  ii  MaSajeaH  t»  m. 
fleeiolax  yaimtiaft ;  for,  altbeugii  the  ^dian^i  in  4he 
pbwe  q£  the  ediptic,  in  "vdudi  the  crbit  oflihe  son. 
Hoi,  he  independent  of  tim  tem  of  the  earthy  ye^ 
bf  bmifpjxg  the  -son,  moan,  and  earth  into  4atStnat^ 
icfativv  pontioBB,  Inm  age  to  age,  it  dbea  the 
dhset  action  of  the  two  first  cm  die  psmnacnt 
matter  at  the  equator :  cmthiB  aocoiast^thenistian 
of  the  eqviaoK  is  greater  by  0^^*455  nam  thna  it 
was  in  the  time  of  Hipparchns;  c0Q8eqpieBlljr».lhe. 
actual  length  of  the  tropical  year  is  «boiit  4e**Slr 
iltorter  than  it  was  at  that  tune.  The  vHmtuA 
cSiange  that  it  <c&n  experienoe .  ftom  dna  «a«ae 
amounts  to  43  8ecozKl8« 

Sudi  is  thee  secular  motion  of  die  equinoKes; 
but  it  is  sometiaaes  increased  and  sometiBMn  fl^nuir 
niii^ed  by  periodic  yariatianB,  whose  poriada  dqpeiidl 
upon  the  relative  pontians  of  idie  sun  aadmoon 
with  regard  to  the  earth,  and  which  are  occaakmed 
by  the  direct  action  of  these  bodies  on  die  eipuiton 
Dr.  Bradley  discovered  that  by  this  actkm  the 
causBB  the  pde  of  the  equator  to  describe «.. 
^pse  in  the  heavens,  the  diameters  of  whkh 
16^'  and  20".  'Hie  period  «f  this  inequality  is  1^ 
years,  1^  time  iraa^oyed  by  die  nodes  ^f  the  hmar 
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a—dl  vamtMn  in  Ihe  dbtcnptkm  nfthii  rlllpir^ 
it  roBB  tknngli  ite  fcriod  in  haif  a  jpetr.  TIim 
iwtalioii  in  tka  ««rth't  axis  affisete  bolli  the  pre- 
omnoB  and  «UM|aity  with  aniiti  feaadk  vaa*- 
tkna;  botvinoaMefiienceoftiMaeonhHr  vwiatian 
in  tha  poiition  of  the  tenneatiial  orbits  whi^  ia* 
dBogStf  omng  to  the  -diatoihiBg  cnci|^  of  Jnpiter 
ontiKeaitliytheoUiqititjQf  the  ecUftac  ia  anus- 
atty  Himkaahfri  by<y'-445,«r,  aeconUng  taBenel, 
by  0"*459.  This  Tariation  in  the  coorae  ef  agea 
may  ii—int  to  ten  ar  eleven  icginct;  hot  the. 
obHcpatj  af  the  ecH^ptk  to  die  equator  can  nevei 
vary  mm  liiaa  2^  43^  or  3°,  ainoe  the  eqwiter  wiU 
fiAow  in  aame  meaaure  the  nnotion  of  the«ciqitic. 

It  iaeiaient  that  the  plncea  of  aU  tfae  oekatial 
bodies  are  affected  by  pveceBaion  and  nntatien, 
and  therefoie  ftU  observatioBa  of  them  nmst  be 
oaneeted  for  these  inequalities. 

The  densities  of  bodies  are  profwctional  to  tJbeir 
masses  divided  by  their  volumes;  hence,  if  the 
sun  and  planets  be  assumed  to  be  spheres,  their 
volumes  will  be  as  the  cubes  of  their  diameters. 
Now,  the  apparent  diameters  of  the  snn  and  earth, 
at  their  mean  diatance,  are  1922''*  8  and  ir'- 154, 
and  the  maas  of  die  earfli  is  the  35403dth  part  of 
that  of  the  Ban  taken  as  the  unit:  it  follows,  therat- 
fon^ihat  the  earth  la  neariy^nir  tnues  «a  denae 
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afi  the  sun ;  but  the  sun  is  so  large,  that  'hus 
attractiye  force  would  cause  bodies  to  hUl  throng 
about  334*65  feet  in  a  second;  consequendy,  if 
he  were  habitable  by  human  beings,  they  would 
be  unable  to  move,  since  their  weight  would  be 
thirty  times  as  great  as  it  is  here.  A  man  of 
moderate  size  would  weigh  about  two  tons  at  the 
surface  of  the  sun,  whereas,  at  the  surface  of  the 
four  new  planets,  he  would  be  so  light,  that  it 
would  be  impossible  to  stand  steady,  since  he  would 
only  weigh  a  few  pounds.  All  the  planets  and 
satellites  appear  to  be  of  less  density  than  the  earth. 
The  motions  of  Jupiter's  satellites  show  that  his 
density  increases  towards  his  centre :  were  his  mass 
homogeneous,  his  equatorial  and  polar  axes  would 
be  in  the  ratio  of  41  to  36,  whereas  they  are  ob- 
served to  be  only  as  41  to  38.  The  singular  irre- 
gularities in  the  form  of  Saturn,  and  the  great 
compression  of  Mars,  prove  the  internal  structure 
of  these  two  planets  to  be  very  far  from  uniform. 

SECTION  XIII. 

AsTQ.0N0MY  has  been  of  immediate  and  essential 
use  in  affording  invariable  standards  for  measuring 
duration,  distance,  magnitude,  and  velocity.  The 
sidereal  day,  measured  by  the  time  elapsed  between 
two  consecutive  transits  of  any  star  at  the  same 
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meridiaii,  and  the  sidereal  year,  are  immutable  units 
with  which  all  great  periods  of  time  are  compared; 
the  osciUations  of  the  isochronous  pendulum  mea- 
sure its  smaller  portions.  By  these  invariable  stand- 
aids  alone,  we  can  judge  of  the  slow  chai^;es  that 
other  elements  of  the  system  may  have  undergone 
in  the  Upse  of  ages. 

The  returns  of  the  sun  to  the  meridian,  and  to 
the  same  equinox  or  solstice,  have  been  universally 
adopted  as  the  measure  of  our  civil  days  and  years. 
The  solar  or  astronomical  day  is  the  time  that 
elapses  between  two  consecutive  noons  or  mid- 
nights ;  it  is  consequently  longer  than  the  sidereal 
day,  on  account  of  the  proper  motion  of  the  sun 
during  a  revdution  of  the  celestial  sphere ;  but, 
as  the  sun  moves  with  greater  rapidity  at  the 
winter  than  at  the  summer  solstice,  the  astro- 
nomical day  is  more  nearly  .equal  to  the  sidereal 
day  in  summer  than  in  winter.  The  obliquity  of 
the  ecliptic  also  affscts  its  duration,  for  in  the  equi- 
noxes the  arc  of  the  equator  is  lees  than  the  cor- 
responding arc  of  the  ecliptic,  and  in  the  solstices 
it  is  greater.  The  astronomical  day  is  therefore 
diminished  in  the  first  case,  and  increased  in  the 
second.  If  the  sun  moved  uniformly  in  the  equa- 
tor at  the  rate  of  5^  8"*  3  every  day,  the  solar 
days  would  be  all  equal ;  the  time,  therefore,  which 
is  reckoned  by  the  arrival  of  an  imaginary  sun  at 
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theflwridiui,  or  of  one  winch  is  su]|^poMd  to  movft 
umformly  in  the  equator,  is  denominaled  »stti 
solar  time,  such  as  is  given  by  clocks  and  watohtti 
in  ccnnmon  life :  when  it  is  reckoned bjtte  anival 
of  the  real  sun  at  the  meridian,  it  is  jqpfMiTOnt 
time,  such  as  is  given  by  dials.  The  di&r^iee 
between  the  time  shown  by  a  clock  and  .a  dial  is 
the  equation  of  time  given  in  the  Nairtioal  AhsB- 
nac,  sometimes  amoimting  to  as  much  as  sixteen 
minutes.  The  apparent  and  mean  time  coinoida 
four  times  in  the  year. 

The  astronomical  day  begins  at  noon,  but  ia 
GDrnmon  Tcckoning  the  day  begins  at  nridajght, 
1m  England  it  is  divided  into  twenty-four  hoinn^ 
which  are  counted  by  twelve  and  twelve;  but  in 
Fnmoe,  astronomers,  adopting  the  decimal<diva8ion9 
dmde  the  day  into  ten  hours,  the  hour  into  one 
hundred  minutes,  and  the  minute  into  a  hundred 
seconds,  because  of  the  facility  in  confutation, 
and  in  confonoity  with  their  system  of  weights 
and  measurea.  This  subdivision  is  not  used  m 
Gonmion  life,  nor  has  it  been  adopted  iu  any  other 
country ;  and  although  some  scientific  writers  in 
France  still  employ  that  division  of  time,  the  cus- 
tom is  beginning  to  wear  out.  The  mean  length 
of  the  day,  though  accurately  determined,  is  not 
sofi&eient  for  the  purposes  either  of  astronomy  or 
civil  Hfe.  The  tropical  or  idvil  year  of  365  *  242219 
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ttean  aoUr  -^b^  tlie  time  elapsed  between  the 
coDBecutiwe  retuniB  of  the  sun  to  the  meea  equi- 
Bozei  or  ■ohtiw%  including  all  the  ohangei  of  the 
■eaaona^  m  a  natural  c^de  peculiarly  suited  for  a 
meaaore  of  duration.  It  is  estimated  from  the 
winter  aoktioey  the  middle  of  the  long  annual  night 
under  the  poles.  But  although  the  length  of  the 
civil  yeaif  is  pointed  out  by  nature  as  a  measure 
of  long  periods,  the  incommensurability  that  exists 
betipeen  the  lei^th  of  the  day  and  the  revolution 
of  the  sun  renders  it  difficult  to  adyust  the  estima- 
tion of  bolh  in  whole  numbers.  If  the  revolution 
of  the  sun  wwe  acoomplished  in  365  days,  all  the 
years  wuuld  ibe  of  precisely  the  same  number  of 
days,  «nd  would  begin  and  end  with  the  sun  at 
the  same  foiat  of  the  ecliptic ;  but  as  the  sun's 
lovolctioa  includes  tiie  fraction  of  a  4lay,  a  civfl 
yaar^and  a  sevioltttion  of  the  sun  have  not  the  same 
dniatioM.  Sinoe  the  fraction  is  nearly  the  fourth 
of  a  day,  in  four  years  it  is  nearly  equal  to  a  revo- 
kiliea  of  the  sun,  so  that  the  addition  of  a  super- 
numeniy  di^  evexy  fourth  year  nearly  conyensatea 
thedifiemice;  but,  in  process  of  time,  further  cor- 
rection will  be  necessary,  because  the  fraction  ia 
kM  than  the  fiwirthof  a  day.  In  fact,  if  abisseztile 
be  gqppfcsacd  mJL  the  end  of  three  out  of  four  cen* 
turies,  the  jear  so  determined  will  only  exoeed  the 
tmejearhy  an  cxteeady  small  fraction  of  «diqf; 
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and  if,  in  addition  to  this,  a  bissextile  be  suppressed 
every  4000  years,  the  length  of  the  year  will  be 
nearly  equal  to  that  given  by  observation.  Were 
the  fraction  n^lected,  the  beginning  of  the  year 
would  precede  that  of  the  tropical  year,  so  that  it 
would  retrograde  through  the  different  seasons  in 
a  period  of  about  1507  years.  The  Egyptians 
estimated  the  year  at  365  *  25  days,  by  wBich  they 
lost  one  year  in  every  14601 — ^their  Sothiac 
period.  The  division  of  the  year  into  months  is 
very  old  and  almost  universal ;  but  the  period  of 
seven  days,  by  fSar  the  most  permanent  division  of 
time,  and  the  most  ancient  monument  of  astrono- 
mical knowledge,  was  used  by  the  Brahmins  in 
India  with  the  same  denominations  employed  by 
us,  and  was  alike  found  in  the  calendars  of  the 
Jews,  Egyptians,  Arabs,  and  Assyrians;  it  has 
survived  the  fall  of  empires,  and  has  existed 
among  all  successive  generations,  a  proof  of  their 
common  origin. 

The  new  moon  immediately  following  the  winter 
solstice  in  the  707th  year  of  Rome  was  made  the 
1st  of  January  of  the  first  year  of  Julius  Ceesar ;  the 
25th  of  December  of  his  forty-fifth  year  is  consi- 
dered as  the  date  of  Christ's  nativity;  and  Caesar's 
forty-sixth  year  is  assumed  to  be  the  first  of  our 
era.  The  preceding  year  is  called  the  first  year 
before  Christ  by  chronologists,  but  by  astronomers 
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it  is  called  the  year  0.  The  astronomical  year 
begins  on  the  3l8t  of  December,  at  noon ;  and  the 
date  of  an  observation  expresses  the  days  and 
hours  which  have  actually  elapsed  since  that 
time. 

Some  remarkable  astronomical  eras  are  deter- 
mined by  the  position  of  the  major  axis  of  the 
solar  ellipee,  which  depends  upon  the  direct  mo- 
tion of  the  perigee  and  the  precession  of  the  equi- 
noxes cottjointlyy  the  annual  motion  of  the  one 
being  iV'Mdd,  and  that  of  the  other  50"*223; 
hence  the  axis,  moving  at  the  rate  of  61"*5166  an- 
nually, accomplishes  a  tropical  revolution  in  21061 
years.  It  coincided  with  the  line  of  the  equinoxes 
4000  or  4022  years  before  the  Christian  era, 
much  about  the  time  chronologists  assign  for  the 
creation  of  man.  In  65 1 2  the  major  axis  will  again 
coincide  with  the  line  of  the  equinoxes,  but  then 
the  solar  perigee  will  coincide  with  the  equinox  of 
spring,  whereas  at  the  creation  of  man  it  coincided 
with  the  autumnal  equinox.  In  the  year  1245, 
the  major  axis  was  perpendicular  to  the  line  of 
the  equinoxes,  then  the  solar  perigee  coincided 
with  the  solstice  of  winter,  and  the  ap<^;ee  with 
the  solstice  of  summer.  According  to  La  Place, 
who  computed  these  periods  from  different  data, 
the  last  coincidence  happened  in  the  yea.r  1250  of 
our  era,  which  induced  him  to  propose  that  year 
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as  a  vamentSL  epoch,  the  yennl  equinocB:  of  &b 
jear  1250  to  be  the  firetcbij  ef  tite'fintyeajisL 

The  Tariatibn  xii  the  poeitiaii  (^t^  iiiaT  ellipHi 
eccasion^  conrnqponding^-  ehanges^  in  the*.  Imgdi-  of 
the  seasons.  In  its  present  position,  spring  is 
ahoTter  than  aummer,  and'  antmmr  longer  than 
winter;  and'uldle  the  solar  perigfe  conftmuea'  m 
it  now  is,  between  the  aolatice  d-  winter  and  tine 
eqmilox  of  eprii^,  the  period  inchuding  spring  and 
smnmer  will  be  longer  than  that  includi]^  autamn 
and  winter.  In  thia  oentiuy  the  diffeienoe  ia 
between  sewn  and-  eight  dsya.  The  ilrtevnda 
win  be  equal  towards  the-  jest  65'i2,  when  the 
perigee  coincides  with  the  equinea^  et  spvii^  ImbC 
when  it  passe?  thaft  point,  the  spring  and  aununcf^ 
tidcen  t(^;ether,  will  Be  shorter  than-  i^M-  period 
including  the  antunm  and  winter.  Tlieae  changei 
win  be  accompliahed  in  a  trt^ieal  rev^lntm  ef 
the  migotraxis  of  the  earth's  orbit,  which  indadea 
an  interval  of  21067  years;  and  a»  ^  aaaaona 
are  opposed  to  each  other  in  the-  northern  and 
southern  hemispherea,  they  alternately  reeem,  lor 
a  period  of  10534  years,  a  greater  pertioK  of'  light 
and  heat.  Were  the  orbit  circidin*,  the  aeaBem 
would  be  equal ;  their  difference  arise*  from  Aie 
escentrieity  (^  the  orbit,  aman  as  it'iar;  hut  the 
changes  are.  so  trifling,  a*  to  be  iinpereeptflile^  in 
the  ahort  space  of  human  iinftr 


No  chewifMirein  ibe  whole  edenct  of 
MiytaLintBr  adorer  intereit  than  its  applicatioB 
to  dnmiolBgy.  ^  Whde  nstioiuiy*'  nys  La  FWot, 
^'Bive-lMm  Micpt  from  the  earthy  with  their  la»- 
fgaagBa^  aata,  and  idenoea,  leaTing  hot  rowfimd 
9£  miiia  to  maik  the  plaea  whm  nughtjr 
ilDod;.  ^bar  hktaiyy  with  die  tacception  o^  a 
jbabtfhl;  traditiaBa»  haa  periahed;  hot  the 
pfiiBr.lkiii  of  tibeir  aatara nomical  obwnratioiM  marka 
Ihtu:  \a^  aatiqiiit}!,  fixes  the  periods  of  their 
wm^enm^  aiaLpBovca  that,  erea  at  diat  eaiiy  tinoi^ 
4imy  mart  have  made  conaiderahk  progreaa  m 
aaienoft"  The  ancient  atate  of  the  heaTena  maj 
mm-  he  coaqpnted  with  greaii  accoraqr;  and  hj 
«)iwy«rieg;  tiie  wnltg  of  ODmputatipii  with  ancient 
ahatsf  atMM%  the  exact  peiiod  at  which  they  woe 
laay  he  verified  if  true,  ar»  i£  fiUae,  their 
nay  he  dsteeted.  If  the  date  he  aceunt^ 
and  the  obaerralipii  good,  it  will  verify  thfr  acca- 
Mcy  ^  modem  tablet,,  and  will  show  to  how  maaf 
eesierifle  th^  wmlj  be  eaiLtended,  widiout  the  iem 
ai  emr.  A  few  ezamplea  will  diow  the  imfoelh 
anee  of  lie  subject. 

M  the  aolsticea  the  sun  ia  at  his  greatest  die* 
taeire  fiMxa  the  aqiiai»c,  cooaeqyoeiUly  his  dprliiHhp 
ti«i  at  dttae  times  ia  equal  to  the  obliquity  of  the 
wlijtir,.  whifihi,  ia  foimer  times,,  was  dettrmiaed 
finak  the  a^ndian  length  of  the  shadow  of  the 
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Stile  of  a  dial  on  the  day  of  the  aolstice.  The 
lengths  of  the  meridian  shadow  at  the  summer  and 
winter  solstice  are  recorded  to  have  heen  observed 
at  the  city. of  Layang,  in  China,  1100  yeaxs.  before 
the  Christian  era.  From  these,  the  distances  of 
the  sun  from  the  zenith  of  the  city  of  Layang  are 
known.  Half  the  sum  of  these  zenith  distances 
determines  .the  latitude,  and  half  their  difference 
gives  the  obliquity  of  the  ecliptic  at  the  period  of 
the  observation;  and  as  the  law  of  $he  variation 
of  the  obliquity  is  known,  both  the  time  and  place 
of  the  observations  have  been,  verified  by  computa- 
tions from  modem  tables.  Thus  the  Chinese  had 
made  some  advances  in  the  science  of  astronomy 
at  that  early  period;  their  whole  chronology  is 
foimded  on  the  observation  of  eclipses,  which 
prove .  the  existence  of  that  empire  for  more 
than  4700  years.  The  epoch  of  the  lunar  tables 
of  the  Indians,  supposed  by  Bailly  to  be  3000 
years  before  the  Christian  era,  was  proved  by  La 
Place^  from  the  acceleration  of  the  moon,  not  to 
be  more  ancient  than  the  time  of  Ptol^ny,  who 
lived  in  the  second  century  after  it.  The  great 
inequality  of  Jupiter  and  Saturn,  whose  cycle 
embraces  929  years,  is  peculiarly  fitted  for  mark- 
ing the  civilization  of  a  people.  The  Indians  had 
determined  the  mean  motions  of  these  two  planets 
in  that  part  of  their  periods  when  the  apparent 
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meaa  motioii  of  Saturn  was  at  the  tlowett,  and 
that  of  Jv^iter  the  most  rapid.  The  pOEiods  in 
which  that  happened  was  3102  years  hefoie  the 
Christian  «ra»  and  the  year  1491  after  it  The 
returns  of  comets  to  their  perihdia  may  possibly 
mark  the  present  state  of  astronomy  to  future 
«ges. 

The  places  of  the  fixed  stars  are  a£fected  by  the 
precession  of  the  equinoxes;  and  as  the  law  of 
that  variation  is  known,  their  positions  at  any 
time  may  be  computed.  Now  Eudoxus,  a  conr 
temporary  of  Hato,  mentions  a  star  situate  in  the 
pok  of  the  equator,  and  it  appears  from  computa^ 
Uon,  that  k  Draconis  was  not  yery  far  from  that 
place  about  3000  years  ago;  but  as  it  is  only 
about  2150  years  since  Eudoxus  lived,  he  must 
have  described  an  anterior  state  of  the  heavens, 
supposed  to  be  the  same  that  was  mentioned  by 
Chiron,  about  the  time  of  the  siege  of  Troy. 
Every  circumstance  concurs  in  showing  that 
astronomy  was  cultivated  in  the  highest  ages  of 
antiquity. 

It  is  possible  that  a  knowledge  of  astronomy 
may  lead  to  the  interpretation  of  hieroglyphical 
charactera.  Astronomical  signs  are  often  found 
on  the  anci&at  Egyptian  monuments,  probably 
onployed  by  the  priests  to  record  dates.  The 
author  had  occasion  to  witness  an  instance  of 
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VBB  iMfl»  nmcsBBigc  a|ipBBMmi  tfr  flMMBonv^  mi 
— flwteuiiDg  the  chte*  •#  «  piiyww^  ■ml  inm 

Bgypt  Irf  M9..  fMi,  m  tl»  liiiini||^1^F|*it  rt  «t- 
■Murchtt  0^  liie  kte  Dt.  TlioBini  IWnmj^  ^tAom 
fnimaauSt  akLimiBd  acqoiremnittdft'koiwqi'lo  Ilis 
oomitrj  and  to  tiie  age  i»iiliKli  he  litvi.  Tht 
manuscript  was  found  in  a  mummy-cmar;  it 
fPOTod  tfr-be-  a  hatoBCope  of  tie  i^^t  ef  rtrfemy, 
and  ita  antiquity^  waa  deteBBoned.  fima  te^-- 
figuntimi  of  iht  has?  ena  at  ih»  tmm  9t  ka 
atructioiL;- 

ne^fam:  tithe  cutii  jBDrniahea  ft  ataHbod  of 
weighta  and  rasaaoiee  for  tha  ^adsmof  pmpeaaa 
«f  \\h^  as*  well'  as  Ibr  ^e  delenainatiBn  c^  Ite 
maases  ond'diataacea  of  ike  hewesikf  lodna.  Tbe 
ki^kofUie'peiidiiiam^vibratuii^  aeconda  oBwatmi 
aoiar  time,  in  the  latitude  of  London,  ftNDDoai  Ike 
atandaid  of  the  Britkh  measuxe  ef  extmwwu.  Ha 
length  osoiUaling-  in  vaene  at  tiie  lempeiflkiira  ef 
%aP  of  Fahrenheit,  and  reduced  to  the  tevel  o£  the 
aea  wa»  detenmned^  by  Captain  Kata^  to  he 
39*1392  inches.  The  weight  qf  a  cubie<  ioA  of 
water  at  the  tenaperadire  of  62P  a£  Faheenheit, 
lianmietBc  30  inches^  waa^  alao  detemunediin  paaks 
of  the  imperial  troy  pounds  whence  «.  atandard 
both  of  weight  and  capacity  ia  dedneed.  The 
Fnenckhaye  adopted*  ^emetxe  equal  to  ^9808002 
fingkiihtttetJEir  Owwutof  liaaarmeanrei^tBhMh 
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tbe  teB-nttfentfr  pnt  of  tlMit  ^pudtane  of  the 
ifltt^piHiB|^  tlbwiign  VsnuBtcm  sdv  Qvmbt 
laAy  l2i«- viifliir^f  iMch  m  miiiy  iii>  Hba  iMjp- 
fifyii  degrae  i^  buitode.  SHiinM  tkfr  mmnl 
standards  of  the  two  countries  be  lost  in  the 
vicissitude  of  human  affidrs,  both  may  be  reco- 
vered, since  they  are  derived  from  natural  standards 
pittmund;  to  \m:  isfaziiiUb.  The  kof^  of  tibt 
pendkdnsK  urooftd  be  fbmid  agtin  wiIIl  moR  fiscil]!^ 
tiian  titt  metR;  but  as  no  measane  ia  raafthemar 
ticaUy  esact^  an-  error  in  tk^  oiigimi  itaaidiBi 
may  at  length  become  souible  in  meMuring  a 
gnsEt  csBltiity  wharoas  tlia  tmr'  that  must  neoei^ 
wmnfy  ansa  in  measmriBg  the  qnadrani  of  the 
mffridian  ianndeied  toCafiy  inamsMe  by  anbdiv^- 
wnfty  in  taiag  itBtenHDulfionth  pfft  Tfaefmnbh 
Ihnw  aiopted  the  decimal  diviaioBy  nofe  anly  in 
tone,  bat  in  their  degrees^  nei^^s^  and  nieiUBe% 
en  accoant  of  the  very  great  ftdlity  it  affinds.  ia 
cnflfMtation.  It  has  not  baea  adoptolt  by  any 
<itiier|KO|^,  though  nothmgia  mme-deairaMethaft 
limtall  nations  should  ooneiw  in  iwng  the  saott 
diviaieii  and  standards^  not  only  o»  accomt  of 
ccmveaaience,  bat  as  afibvdfaig*  a  more  definite  idea 
<gt  ^aantity.  It  is  mgijdiF  that  the-  dedani 
diviskm  of  the  day,  of  degveea^  weighty  and 
meaamres^  waa  employed  in  China  4000  jam 
ago;  and  that  at  the  time  Ibn  Junia^  made  his 
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oktervations  at  Cairo,  aboat  the  year  1000  .of  the 
Chrifltian  era,  the  Arabs  were  in  the  liabit  of  em- 
ploying the  yilnrationB  of  the  pendnlmn  in  their 
astronomical  observations  as  a  measure  of  time. 


SECTION   XIV. 

Onb  of  the  most  immediate  and  remarkaUe  eflEects 
of  a  gravitating  force  external  to  the  earl^  is  the 
alternate  rise  and  fall  of  the  surface  of  the  sea  twice 
in  the  course  of  a  lunar  day,  or  24^  50^  4^  of  mean 
solar  time.  As  it  depends  upon  the  action  of  the 
sun  and  moon,  it  is  classed  among  astronomical 
problems,  of  whicb  it  is  by  fieur  the  most  difficult 
and  its  explanation  the  least  satis£ftctory.  The 
form  of  the  surface  of  the  ocean  in  equilibrio,  when 
revolving  with  the  earth  round  its  axis,  is  an  ellip- 
soid flattened  at  the  poles ;  but  the  action  of  the 
sun  and  moon,  especially  of  the  moon,  disturbs  the 
equilibrium  of  the  ocean.  If  the  moon  attracted 
the  centre  of  gravity  of  the  earth  and  all  its  par- 
ticles with  equal  and  parallel  forces,  tbe  whole 
system  of  the  earth  and  the  waters  that  cover  it 
would  yield  to  these  forces  with  a  common  motion, 
and  the  equilibrixun  of  the  seas  would  remain  un- 
disturbed. The  difference  of  the  forces,  and  the 
inequality  of  their  directions  alone,  trouble  the 
equilibrium. 
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It  is  proved  by  daily  expenence,  as  well  as  by 
strict  mathematical  reasoning,  that  if  a  number  of 
waves  or  oscillations  be  excited  in  a  fluid  by  dif- 
ferent forces,  each  pursues  its  course,  and  has  its 
e£fect  independently  of  the  rest.  Now  in  the  tides 
there  are  three  distinct  kinds  of  oscillations,  depend- 
ing on  different  causes,  and  producing  their  effects 
independently  of  each  other,  which  may  therefore 
be  estimated  separately. 

The  oscillations  of  the  first  kind,  which  are 
veiy  small,  are  independent  of  the  rotation  of  the 
earth;  and  as  they  depend  upon  the  motion  of  the 
disturbing  body  in  its  orbit,  they  are  of  long  pe- 
riods. The  second  kind  of  oscillations  depends 
upon  the  rotation  of  the  earth,  therefore  their  period 
is  nearly  a  day ;  and  the  oscillations  of  the  third 
Idiid  vary  with  an  angle  equal  to  twice  the  angular 
rotation  of  the  earth;  and  consequently  happen 
twice  in  twenty -four  hours.  The  first  afford  no 
particular  interest,  and  are  extremely  small ;  but 
the  difierence  of  two  consecutive  tides  depends 
upon  the  second.  At  the  time  of  the  solstices, 
this  difference,  which  ought  to  be  very  great, 
according  to  Newton's  theory,  is  hardly  sensible 
on  oar  shores.  La  Place  has  shown  that  this 
discrepancy  arises  from  the  depth  of  the  sea,  and 
that  if  the  depth  were  uniform  there  would  be  no 
difference  in  the  consecutive  tides  but  that  which 
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k  oopaaMmed  l^  looftl  cnrouiairtaiiceB ;  it  fi»ll0W8, 
theraibMs^tlKGU;  as  due  ^xfomQeia  esUBondiy^gmaU, 
the  ten,  'Considered  ia  a  large  exUmt^  muMA  Jbe 
aearly  of  vnifbem  depth,  diat  k  to  aaj^  4here  ia  a 
oertaioL  mean  depth  irom  which  tbe  dewiatimi  is 
not  |p«at  The  mean  dqptth  af  lihe  Pacific  Ooean 
k.  fioppoBed  -to  he  about  fow  mileay  thitt  of  the 
Atlantic,  only  three.  From  the  ibsmuUe  vhich 
determine  the  difference  of  the  conaeGutwa  tides, 
it  is  alflo  proved  that  the  precession  of  the  «fai- 
noxes,  and  the  nutatioii  of  the  earth's  aias,  are 
the  eame  as  if  the  sea  formed  one  solid  jaaass  with 
the  earth. 

Oscillations  of  the  third  kind  are  die  semi- 
ditnmal  tides,  00  remarkable  -on  our  ceaats;;  th^ 
are  occasioned  li^  the  combined  action  of  the  aun 
and  moon,  but  as  the  effect  of  each  is  independent 
of  the  other,  th^  may  be  considered  separately. 

Hie  particles  of  water  under  the  moon  ase  move 
attracted  than  the  oentre  of  gravity  of  tibe  eaith, 
in  the  inveme  ratio  of  the  square  of  the  diatancea ; 
hence  they  haye  a  tendency  to  leave  the  earth, 
but  are  retained  by  their  gravitation,  which  ia 
diminirfied  by  this  tendency.  On  the  contraQ^,  the 
moon  attracts  the  centre  of  the  earth  move  powers 
fully  than  ahe  attanacts  the  particleai[^.  water  in  Hbm 
hemisphere  ojqMsite  to  ber ;  so  that  4iie  earth  has 
a  tmndnacy  to  leave  the  watera^  but  is  setained  1^ 
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gmritatioBy'whioh  k  agsia  diminiibed  by  this  ton* 
dency.     Thiu  the  -waken  immediately  under  the 
mfoon  axe  dmm  from  the  earth  at  the  lame-time 
that  the  earth  ia  drawn  from  thoae  which  are  dta- 
metrically  oppoaite  to  her ;  in  both  jnntancea  pxo- 
dncing  an  elevation  of  the  ocean  of  nearly  the  4Mme 
bei^  above  the  aurfaoe  of  equilibiiiim;  for  the 
ilimiTinrinTi  of  the  gravitation  of  the  particlea  in 
each  position  is  idmoat  the  same,  on  acoowit  of  the 
diitfmfft  of  the  moon  being  great  in  compariaon  of 
the  ladina  of  the  earth.     Were  the  earth  entirely 
covered  by  the  aea,  the  water  thua  attracted  by  the 
nKxm  would  aasume  the  form  of  an  oblong  ipheroidy 
whose  gieater  axis  would  point  towards  the  meon^ 
since  the  cdumns  of  water  under  the  moon  and 
in  the  directkm  diametrically  oppoaite  to  her  aia 
rendered  lighter  inconsequence  of  the  <iimiimtifln 
of  their  gravitation;  and  in  older  to  preaorve 
the  equihbnum,    the    axea   90°    diatant  would 
be  afanrtenod.    The  devation^  on  account  of  the 
smaller  space  to  which  it  is  confined,  is  twice  aa 
gieat  aa  the  dqpreasion,  because  the  contenta  of 
the  qiheroid  always  remain  the  same.    The  efiecta 
of  the  aon'a  attraction  are  in  all  reiqpects  similar 
to  those  of  the  moon's,  though  greatly  less  in 
degree,  on  account  of  his  distance;  he  tiierafore  eedy 
modifies  the  £aaa  of  this  spheroid  a  little.    If  4he 
waten  ^were  capable  of  assnming  the  fbnn  if  e^- 
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librium  instantaneously^  that  is,  the  fonn  of  the 
spheroid,  its  summit  would  always  point  to  the 
moon,  notwithstanding  the  earth's  rotation;  hut 
on  account  of  their  resistance  the  rapid  motion 
produced  in  them  hy  rotation,  prevents  them  from 
assuming  at  erery  instant  the  form  which  the  equi- 
Hhrium  of  the  forces  acting  upon  them  requires. 
Hence,  on  account  of  the  inertia  of  the  waters,  if 
the  tides  he  considered  relatively  to  the  whole 
earth,  and  open  sea,  there  is  a  meridian  ahout 
30^  eastward  of  the  moon,  where  it  is  always' high 
water  hoth  in  the  hemisphere  where  the  moon  is 
and  in  that  which  is  opposite.  On  the  west  side 
of  this  circle  the  tide  is  flowing,  on  the  east  it  is 
ehbing,  and  on  every  part  of  the  meridian  at  90° 
distant,  it  is  low  water.  These  tides  must  ne- 
cessarily happen  twice  in  a  day,  since  the  rota- 
tion of  the  earth  brings  the  same  point  twice 
under  the  meridian  of  the  moon  in  that  time,  once 
under  the  superior,  and  once  under  the  inferior, 
meridian. 

In  the  semidiurnal  tides  there  are  two  pheno- 
mena particularly  to  be  distinguished,  one  occur- 
ring twice  in  a  month,  and  the  other  twice  in 
a  year. 

The  first  phenomenon  is,  that  the  tides  are  much 
increased  in  the  syzigies,  or  at  the  time  of  new 
and  full  moon.    In  both  cases  the  sun  and  moon 
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ai€  in  the  Bame  meridian,  for  when  the  moon  is 
new  they  are  in  coiyunctiony  and  when  she  is  folly 
they  are  in  qqpoiition.  In  each  of  these  positions 
their  action  is  combined  to  produce  the  highest  or 
spring  tides  under  that  meridian,  and  the  lowest 
in  those  points  that  are  90°  distant.  It  is  ob- 
served diat  the  higher  the  aea  rises  in  fiill  tide, 
the  lower  it  is  in  the  ebb.  The  neap  tides  take 
place  when  the  moon  is  in  quadrature;  they  nei- 
ther rise  80  high  nor  sink  so  low  as  the  spring 
tides.  The  sprii^  tides  are  much  increased  when 
the  moon  is  in  perigee,  because  she  is  then  nearest 
to  the  earth.  It  is  evident  that  the  sinring  tides 
must  happen  twice  in  a  month,  since  in  that  time 
the  moon  is  once  new  and  once  full. 

The  second  phenomenon  in  the  tides  is  the 
augmentation,  which  occurs  at  the  time  of  the 
equinoxes,  when  the  sun's  declination  is  zero, 
which  happens  twice  every  year.  The  greatest 
tides  take  place  when  a  new  or  full  moon  happens 
near  the  equinoxes  while  the  moon  is  in  perigee. 
The  inclination  of  the  moon's  orbit  on  the  ecliptic 
is  5°  8'  41''*9 ;  hence,  in  the  equinoxes,  the  action 
of  the  moon  would  be  increased  if  her  node  were 
to  coincide  with  her  perigee.  The  equinoctial 
gales  often  raise  these  tides  to  a  great  height.  Be- 
sides these  remarkable  variations,  there  are  others 
arising  from  the  declination  of  the  sun  and  moon^ 
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tvihiekliave  a.  g«gat  infltttnce  «ii  the  ebb  and  flnr 
90  Ae  wateiB^  The  hmnhi  tetei* dMnttmeM/hwrnm 
iuf  and  a  balf  to  ymrf  thmn/jtk  att  facr  dBMuk 
tioASy^whiclt  somtdmea  extend  alMMii.  28|4egi«aa 
MPeaeh:  ttde  of  tte  equator^  mchile:  t^  aoii  rMpdma 
about  d6H  ^*  ^  accoinpliah  hia  netm  fro« 
taopiclwtMpfo  tbimgli  abooli  3^ 
tittir  conibiDMl  nMdon  oaueefr  great  iiapq|g«iafrftk% 
and^  at  tiuM»fy  liiair  attractm  fbfcsB  eomittputt 
«M3k  othet!*»  efifeeis  ta  aeertancesttoit;  bntyoitaa 
a^pmmge,  the  maaw  meathly  msga  oi  tiie  maei^i 
deelmatkm^ieiieafl^  the  same  ae  ieke  aanoal  juage 
o#  the  da^Mnatioa  of  the  aun^;  eonac^aaatigF  ibt 
highett  tidea  take  plfewe  inldiin  thetrqpiea^  end'te 
lowest  towards  lSb»  poles. 

Both'  the  height  and  time  e6  hin^  -water  are 
thus  perpetuatiy  changing:;  thcrafoiii^  inr  aoLnng 
the  probteniy^  ill  ia  reqaired  ta  dctemiDe  ikm 
heights  to  which  the  tidea  nse,  the  tbnev  at  wiidi 
they  happen.,  and  the  daily  vaaiationa.  Thceay 
and  oheervatiGfn  show,  that  each  partial  tide  n^- 
ereases  as  tl^  eube  of  the  apparent  dmu^b»  or  ef 
the  parallax  of  the  body  wMch  producea  it,  and 
that  it  diminishes  aa  the  square  e£  the  coaine  of 
t^  declination  of  that  body. 

The  periodic  motions  of  the  watera  ef  the  ocean:, 
on  the  hypothesis  of  an  ellipaoid  of  revolntian 
entirely  colored  by  the  sea,  are  very  &r  iron 
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moBK^bag  wkik  dbmiatioa;.  lUs  mtmm  from  the 
«ei]^g^BBBt  In^i^dvitieB  im  iIm  MrfiM»  of  tke  owd^ 
■Ji'nik  im  kit  ffhilly  conticA  lif  tbft  ica,  ftm 
d*  vviel^  iQ  A»  deptfa»  of  tiie  •ctM^  thft  ntaiHr 
m.  iiifcMJi  itiM^wprnmi  oat  on  tW  eaudi^  the  pneiriBM 
amk  mcMnetifln  of  ^  ifaMresy  the  evrentv  MdL 
iJtai  nMrtHMO  tiie  watort  aeet  with,  oauaee 
it  m  imftiMibk  to  eptimate^  but  which  modify 
.the  oeciiletinatt  of  tbe  greet  maaa  oi  the  oceea. 
Believer,  aBoidet  all  these  kregulantka^  the  dbb 
and  flow  of  the  tea  maintain  a  ratio  ta  the  forooa 
HirliMiing  them  mffieient  to  indicate  their  nature^ 
endrte  lecify  the  law  of  the  attraetioa  of  the  sua 
jMd  VMKMa  ea  the  sea.  La  Plaee  obsorves,  that 
the  iaifCitigatieii  of  such  relations  between  cause 
effisct  ie  wa  Icae  useful  ia  natural  phikMophjr 
the  dixeet  selutieii  of  problems,  either  to 
pwve  the  existence  of  the  causes  or  to  trace  the 
kara  of  their  effKtSL  Like  the  theory  of  probsb^ 
lilies^  it  is  a  h^ifffff  su^lement  to  the  ignoraaoe 
aad  weekaesa  of  the  human  mind.  Thus  the 
yaihkm  ef  the  tides  does  not  adsdt  of  a  geneial 
aohitiea ;.  it  k  certainly  necessary  to  analyse  the 
geneiat  phenomena  which  ought  to  result  from  the 
attraction  of  the  sua.  and  moon,  but  these  must  be 
Gorreeted  m  each  particular  case  by  local  observe- 
tioaa  modified  %  the  extent  and  depth  of  thd  sea, 
aad  the  peculiar  circumstances  of  the  ^ace. 
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Since  the  disturbing  action  of  the.  sun  and  moon 
can  only  become  sensible  in  a  very  great  extent  of 
water,  it  is  evident  that  the  Pacific  Ocean  ia  one 
of  the  principal  sources  of  our  tides ;  bat|  in  con- 
sequence of  the  rotation  of  the  earth,  and  the 
inertia  of  the  ocean,  high  water  does  not  happen 
till  some  time  after  the  moon's  southing.  The 
tide  raised  in  that  world  of  waters  is  transmitted 
to  the  Atlantic,  from  which  sea  it  moves  in  a 
northerly  direction  along  the  coasts  of  Africa  and 
Europe,  arriving  later  and  later  at  eadi  place. 
This  great  wave,  however,  is  modified  by  the  tide 
raised  in  the  Atlantic,  which  sometimes  combines 
with  that  from  the  Pacific  in  raising  the  sea,  and 
sometimes  is  iu  opposition  to  it,  so  that  the  tides 
only  rise  in  proportion  to  their  difference.  This 
vast  combined  wave,  reflected  by  the  shores  of  the 
Atlantic,  extending  nearly  from  pole  to  pde,  still 
coming  northward,  ponrs  through  the  Irish  and 
British  Channels  into  the  North  Sea,  so  that  the 
tides  in  our  ports  are  modified  by  those  of  another 
hemisphere.  Thus  the  theory  of  the  tides  in  each 
port,  both  as  to  their  height  and  the  times  at 
which  they  take  place,  is  really  a  matter  of  experi- 
ment, and  can  only  be  perfectly  determined  by  the 
mean  of  a  very  great  niunber  of  observations,  in- 
cluding several  revolutions  of  the  moon's  nodes. 

The  height  to  which  the  tides  rise  is  much 
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greater  in  nmoir  dumnels  than  in  the  open  sea, 
on  account  of  the  obatnictiona  they  meet  with. 
The  aea  is  to  pent  up  in  the  British  Channel,  that 
the  tides  sometiBies  rise  as  much  as  fifty  feet  at 
St.  MalOy  on  the  coast  of  France,  whereas,  on  the 
shores  of  some  of  the  South  Sea  idands,  they  do 
not  exceed  one  or  two  feet.  The  winds  have  a 
great  influence  on  the  height  of  the  tides,  accord- 
ii^  as  they  conspire  with  or  oppose  them;  but  the 
actual  efiect  of  the  wind  in  exciting  the  waves  of 
the  ocean  extends  very  little  below  the  surface: 
even  in  the  most  vident  storms,  the  water  is  pro- 
bacy calm  at  the  depth  of  ninety  or  a  hundred 
feet.  The  tidal  wave  of  the  ocean  does  not  reach 
the  Mediterranean  nor  the  Baltic,  partly  from  their 
position  and  partly  from  the  narrowness  of  the 
Straits  of  Gibraltar  and  of  the  Categat,  but  it  is 
very  pereeptiUe  in  the  Red  Sea  and  in  Hudson's 
Bay.  In  high  latitudes,  where  the  ocean  is  less 
directly  under  the  influence  of  the  luminaries,  the 
rise  and  fall  of  the  sea  is  inconsiderable,  so  that, 
m  all  probability,  there  is  no  tide  at  the  poles,  or 
only  a  small  annual  and  monthly  tide.  The  ebb 
and  flow  of  the  sea  are  perceptible  in  rivers  to  a 
very*great  distance  from  their  estuaries.  In  the 
Straits  of  Pauxis,  in  the  river  of  the  Amaaons, 
more  than  five  hundred  miles  from  the  sea,  the 
Hdes  are  evident.    It  tequires  so  many  days  for 
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ike  tidft  te  ssoe&d  tiis  iBif^  Mom,  tfnittle 
ictumingtictei  meet  a  wiMnKioa  df  thwwi  wiiluli 
m  comiiig  up;  lo  tiMt  enrf  fmaiMk  wkilf' 
Mciu'B  in  wnne  |nu1  or  <itliflr  of  its  4lNniy  %0Cii  vi 
tomftgnitade  and  time.  It  jeqnlMi  atwf^nde 
expanae  €tf 'water  to  aeoaaiidbie  tiMiinpike  afthe 
flan  and  moon,  ao  a«  to  vended  ^iSmar  iMltkuim 
aenaible ;  on  that  account,  tlie  tiisB  m  Hie  IMi*- 
tanranean  sad  Black  Sea  are  acandjr  ymmylttlfc 

Theae  perpetual  cenanotioBB  la  tfae  antaa  •«» 
occaaianed  l^  fcmsea  that  bear  « ^ary  vaudl  piiK 
partion  to  terreatrial  gravitatian-:  ^iSbttrnmhumctim 
in  Tailing  the  ocean  is  ovly  rvrfrvrr 
Haa  at  the  eaith'a  ear&ce,  and  liie  moliaa  -of 
moon  ia  little  moore  than  twice  «i modi^  fhoau 
faiicea  being  in  the  vatio  «f  1  ta^3bSS3^  Wlm 
tie'Bun  and  noon  are  at  their  mean  (diateaoea  lam 
liie  earth.  From  this  ratio,  ibe  man  df  ihe^ 
ia  feund  to  be  only  -f^  of  '&at  of  <<ihe  m 
liK  aotkm  (tf  the  aun  on  tibe  •aoeui  been  canec^ 
equal  to  that  of  the  moon,  there  woidd  hatm  lioaa 
no  neap  tides,  and  the  apiing  tidea  TmnML  ham 
bsen  of  twice  the  heiight  wMok  tibe  action  of  eitbar 
^e  «un  or  moon  -woidd  have  pvoduoed  tfbpaiatetf; 
a  phenomenon  depending  upon  iHoA  interfenane  uf 
the  imdulations. 

A  atone  phmged  into  «  pool  of  stifl  ^marinr 
ceoaaions  a  aeries   of  iw^es  to  advance  akng 
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Utt  wrfiwe,  tei«k  tbe  wte  itmM  m  Mt  cimEM 
ftnrnd,  li«t  «%  net  into  Ivigyi  tad  Mks  i^ 
iuJliwM,  6Mii  ytiiM  of  the  vaxkot  bemg  deittted 
jMlfhprtMediB  ite  tam.  ADother  ctooe  of  Ae 
flMK  siaey  tfnoim  into  tiie  Kntn  nMr  the  fint, 
-«ffl  oBBMiaii  #  oimikHr  tet  of  umlulationB.  Then, 
if  an  eqpnl  Aid  flnulvwaYe  firon  oadk  slooe  anrive 
Jit  iitt  flnoB  9at  M  the  Mooae  liBK,  so  that  the 
eiefikiu  of  the  one  coaetly  eoiaddoi  intin  tie 
^kamtimkw£  the  otiier,  thcb-  united  afibct^wiU  piOi- 
dkioea^nnBre  twiee  tbe  use  of  ^cither;  but  if  one 
WMB  lyneeode-the  otlnr  hy  exaolly  half  an  taidhir 
lilkMi^  d»  akmttian  of  the  one  will  ciuncide  with 
the  hollow  of  the  other,  tad  the  hoUow  of  the  ane 
«lk  Aa  elevation  af  the  otbety  and  the  wavea  will 
aeafitiariyaMhetate  ime  another^  that  Ae  na^Me 
aC  Aawnlir  will  xemam  aHueothandieveL  Uenoc^ 
If  tfia  4eagth  af  eadi  wa?e  be  deiueeontad  hy  1, 
they  wfll  deetroy  aae  another  at  intervale  of  i,  |» 
t^ 4B^4Md  wfllaomhine  their  efieota«t  theinter^ 
wib  a,  %  .d»  Ac  It  will  he  faand,  .aoooaoUng  ta 
llaa|iiinciite,?wlMn  still  water  is  distmhed  by-the 
iM  af  ttam  ai|ual  atones,  4ihat  theie  axe  certain 
Haas-iMi  rite  auriue  of  m  liypttbelic  iaun,  where 
Ae  water  is  •■Matii in eenaefaenee  of  thewama 
nMiteiiHing,  aaoh  eliier;  and  that  the  ^elevation  af 
the  wnter  in  ithe  adjacent  puts  aanespnida  to 
huA  Ae-waiMa  nailed.  Jlew,  in  the  rapriai^  and 
/tidei^  mritimg  £nm  At  iciamlmal^aa  ail  i)M^ 
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riinple  soli-lunar  waves,  the  spring  tide  is  tlie 
joint  result  of  the  combination  when  they  coincide 
in  time  and  place;  and  the  neap  tide  happens 
when  they  succeed  each  other  by  ludf  an  interval, 
so  as  to  leave  only  the  effect  of  their  difference 
sensible.  It  is  therefore  evident  that,  if  the  solar 
and  lunar  tides  were  of  the  same  height,  there 
would  be  no  difference,  consequently  no  neap  tides, 
and  the  spring  tides  would  be  twice  as  high  as 
-either  separately.  In  the  port  of  Batsha,-  in  Ton- 
-quin,  where  the  tides  arrive  by  two  channels,  of 
lengths  corresponding  to  half  an  interval,  theie  is 
neither  high  nor  low  water,  on  accoimt  of  the 
interference  of  the  waves. 

The  initial  state  of  the  ocean  has  no  influence 
on  the  tides ;  for,  whatever  its  primitive  conditAHis 
may  have  been,  they  must  soon  have  vanished  by 
the  friction  and  mobility  of  the  fluid.'  One  tf  the 
most  remarkable  circumstances  in  the  theory  <^ 
the  tides  is  the  assurance  that,  in  consequence  of 
the  density  of  the  sea  being  only  one-fifth  of  the 
mean  density  of  the  earth,  and  that  the  earth 
itself  increases  in  density  toward  the  centre,  the 
stability  of  the  equilibrium  of  the  ocean  never  can 
be  subverted  by  any  physical  cause  whatever.  A 
general  inundation,  arising  from  the  mere  instabi- 
lity of  the  ocean,  is  therefore  impossible.  A  variety 
of  circumstances,  however,  tend  to  produce  partial 
irariations  in  the  ec[G5i!^TV\scGL  qI  \!tk&  ^%!s^'^\a&h.  is 


restoied  by  means  of  currenti.  Winds,  and  Urn 
periodical  mdting  of  the  ice  at  the  poles,  occasion 
temporary  water-counes ;  bat  by  far  the  most 
important  causes  are  the  centrifugal  force  induced 
by  the  velocity  of  the  earth's  rotation  and  Yaria* 
tions  in  the  density  of  the  sea. 

The  centrifugal   force  may  be  resolTed  into 
two  fbroes— -one  perpendicular,  and  another  tan- 
gent   to   the    earth's    surflEMse.      The  tangential 
force,  though  small,  is  sufficient  to  make  the  fluid 
partides  within  the  polar  circles  tend  towards 
the  eqaotmr,  and  the  tendency  is  much  increased 
by  the  immense  eraporation  in  the   equatorial 
regi<ms,  from  the  heat  of  the  sun,  which  dis- 
turbs the  equilibnum  of  the  ocean ;  to  this  may 
also  be  added  the  superior  density  of  the  waters 
near  the  poles,  partly  from  their  low  temperature, 
and  partly  from  their  gravitation  being  less  dimi- 
nished by  the  action  of  the  sun  and  moon  than 
that  of  the  seas  of  lower  latitudes.   In  consequence 
of  the  combination  of  all  these  circumstances,  two 
great  currents  perpetually  set    from  each   pole 
towards  the  equator ;  but  as  they  come  from  lati- 
tudes where  the  rotatory  motion  of  the  surface  of 
the  earth  is  very  much  less  than  it  is  between  the 
tropics,  on  account  of  their  inertia,  they  do  not 
immediately  acquire  the  velocity  with  which  the 
solid  part  €£  the  earth's  surface  is  revolving  at  the 
eqmtorkd  regkm,  Aom  whenoe  it  folkiwa  likyiX, 
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fritiuB  twenl^fiire  or  ikattf  degMn  on  -mgk: 
flf  ibe  line,  1^  >flcei3i  sppeaa  te  hmm  a^BBond 
million  ^m  east  to  loes^^idikkisiiiiidiiDoniMd 
hf  tlie  aotioti  of  tiie  taade-mndB.  .  lUi  aaaif^ 
mum  of  MudiiBgirftten,  «t  aamattheiBrtfcieiiwi 
of  south  latitude,  is  tamed  toradb  Ac  msrfli  ^wi 
byihecoutof  Amesica,  ctiib  tiboui^'Uie  Ghdf  of 
Mexico^  and,  passing  tiie  Straita  of  nawidn.^4te 
sate  ef  fivendles  an  Iranr,  Ibnui  the  welMoicnBi 
ennent  of  die  Gulf-^taeam,  -wluth  aiw^a  dang 
Utt'svdMile  eoast  sf  AmBwoa,  «iid  vrnm-MmAmmA 
as  te  as  tbetenk'of  Ngirfaundliind»'wt»n<M^tendh 
]agto«lbe«eaat^  it  ^owsfMt  ;^.AjBans  4M|d  Q^is^ 
Isianda,  £11  it  joins  the  gaaU  iwsteily  iranaiit^f 
tin^lxaiKbiiabQiit  ktitiide  21°jio(^  Aotowib^g 
to  jfinndiddl;,  this  jffXB^  ciicait  *vf  9800  la^gwH^ 
whidi  the  waters  ai  rthe  Atlantic  aie  |^«i]isli]allf 
dfisoribtng  -heiwe^i  the  |»aralldB  ^  ^ekvon  and 
Ibrty-^iee  degrees  of  latitude,  may  ibe  sBCfln^ 
pHshed  by  any  one  fMztiek  intwo^yaars  and  tm 
months.  Bendes  this,  there  -aie  bnamiias  of  the 
Qnlf-Btnam,  which  eonvcrjr  the  fruitif,  seeds,  andia 
partdonef  the  wanath  ^f  the  tropical  climaite^, to 
snr  northern  flhoses. 

The  j^BBcral  westward  motion  of  the  South  Sea, 
tef^ther  with  the  south  ^^cdar  current,  produce  taxi* 
ons  watar^^oiirses  in  the  Pacific  and  Indian  0B6aQ%, 
acEmding.wB  the  vsne  «or  the  other  proFails.  The 
iwrnkim-titfiii  ib^^SmiS^  aans»i^  -canflBita'ta  pass 
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'£NDi'dB  soldi  polB)  And  ifWlL  tllB 
— Ifaytetkcyhwwe  cwp  'Cycn  tovAc  Qiye  trf  Cbdl 

b  ffwuwpiflnftft  4f  the  ftkwcatnotfSn 
Fnrymm  oUiBed'togmttplik 
IB  leHb  Urn  nopth  qpok  ia  tf»  jmr  M21, 
teiiinaidiliMt^eTfieUb  «f.ice^iere<dhiftsii|^tetlie 
nMkiMlerliHDQiiiByaBtjoaiM  ttBvri«rer^MBi 
tothewMlk 

SECTION  XV. 

IU»OHffla«MKwir!tlK«lmoiplHn,jaiid  tlK  chongM 
Ir  te^impenttHre,  ne  ■■iwiwii  i  liy  "ngitriiM  ta 
Ike  IgJgto  of  the  baroBitftflr  aai  thMUMMfcter,  tat 
«ctad  kngtk  of  te  liiiaid  coloam  intlMK 
not  only  deponii  upon  te  fbroe  nf 
pwiUtiun,  Imt  upon  (xpflkry  sttnctiony  oriiR 
fane  nf 'Qoheflbn,  wfaichiiaindinnoal  jtttnctKNi 
tabpraenibe  molffcttten  of  the  MqyUL  and  ttenn  of 
1hetite<contaimQg  k. 
JM  IndioB  eonmt  of  an«maMe9et>f  nntawl 
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or .  ooHesive  force  which  tends  to  mute  thmn, 
and  abo  by  a  repulsive,  finrce — |iKobahly  caknc^ 
ibt  principle  of  heat — which  tends  to  sqpaiate 
them.  The  intensity  of  these  forces  decreases 
nqpidly,  as  the  distance  between  the  atoms  aug- 
ments, and  becomes  altogether  insensible  as  soon 
as  that  distance  has  acquired  a  sensible  magnitude. 
The  particles  of  matter  are  so  small,  that  nothing 
is  known  of  their  form  further  than  the  dissimi- 
larity of  their  different  sides  in  certain  cases,  which 
appears  from  their  reciprocal  attractions  during 
crystallization  being  more  or  less  powerful,  accord- 
ing to  the  sides  they  present  to  one  another.  It 
is  evident  that  the  density  of  substances  will 
depend  upon  the  ratio  w;hich  the  opposing  forces 
of  cohesion  and  repulsion  bear  to  one  another. ' 

When  particles  of  the  same  kind  of  matter  are  at 
such  distances  froni  each  other,  that  the  cohesion 
which  retains  them  is  insensible,  the  repulsive 
principle  remains  unbalanced,  and  the  particles 
have  a  tendency  to  fly  from  one  another,  as  in 
aeriform  fluids.  If  the  particles  approach  suffi- 
ciently near  to  produce  equilibrium  between  the 
attractive  and  repulsive  forces,  but  not  near  enough 
to  admit  of  any  influence  from  their  form,  perfect 
mobility  will  exist  among  them,  resulting  from  the 
similarity  of  their  attractions,  and  they  will  offer 
great  resistance  when  compressed,  properties  which 
eharacteiize  fluids,  in  which  the  repulsive  principle 
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it  greater  than  in  the  gaaet.  When  the  diatanbe 
between  the  partidea  is  still  Icta,  solida  are  fanned 
in  consequenoe  of  the  preponderating  forois  of 
oohenon;  but  the  nature  of  their  structure  will 
Tary,  because,  at  such  small  distances,  the  power 
of  the  mutual  attraction  of  the  particles  will  depend 
upon  their  form,  and  wiU  be  modified  by  the  sides 
they  present  to  one  another  during  their  aggre- 
gation. 

All  the  phenomena  of  capillary  attraction  depend 
upon  the  cohesion  of  the  particles  of  matter.  If  a 
glass  tube  of  extremely  fine  bore,  such  as  a  small 
thermcmieter-tube,  be  plunged  into  a  cup  of  water 
or  alcohol,  the  liquid  will  immediately  rise  in  the 
tube  above  the  level  of  that  in  the  cup,  and  the 
sur&ce  ai  the  little  column  thus  suspended  will  be 
concave.  If  the  same  tube  be  plunged  into  a  cup 
full  of  mercury,  the  liquid  will  also  rise  in  the 
tube,  but  it  will  never  attain  the  level  of  that  in  the 
cup,  and  its  sur&ce  will  be  convex.  The  elevation 
or  depresnon  of  the  same  liquid  in  different  tubes 
of  the  same  matter  is  in  the  inverse  ratio  of  their 
internal  diameters,  and  altogether  independent  of 
their  thickness.  Whence  it  follows  that  the  mole- 
cular action  is  insensible  at  sensible  distances,  and 
that  it  is  only  the  thinnest  possible  fihn  of  the 
interior  surfietce  of  the  tubes  that  exerts  a  sensible 
action  on  the  liquid.  So  much  indeed  is  this  the 
case,  that,  when  tubes  of  the  stone  bore  are  com- 
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atKBkf  noBOKaiy  ¥i^TkeU  tfas  tMue  Uiig^flLal 
of  tfatm,  iftoewti  be-tlidr  thickiieig.  or  dnd^ 
teasBT  tbe  Minmtie  CBatm^of.  moiatwe  i»  mdUtut 
te  RBiate  tfat  intermii:  rnhiiiMi^f  moeBHf  l)eyiMl 
tlRqphcDe>Qf  atitaHtiatti  of  tiieiidi^aaatfl  teaiipplgr 
tivphuaeof  » take:  lay  its  vwaeapiMMj  i^htaetiMt 
Thr  foroorirhiob  |nrodiK»  Ae  capilUiy  fttfumwcm 
are  the  reciprocal  attraction  of  the  tuhe  ani  tltt 
lipodi^  and  cf  the  Hiqpiid  partides  to  «Be  mmaOier ; 
•ni  in  oiier  that  ^  cap^iy  oohunar  majt  Ik  m 
cq^Wio^  the  weight  •£  that  pad  of  it^rinekjkea 
dboTe  or  flmks  Monif  the  levd  of  the  liqpHid  in  the 
•Giq):miiat  balmee  these  forces. 

The  estimatiaaof  the  action  ef  thelsquadii  a4iffi- 
CQit  part  of  th»prohlein.  La  Place,  Dv^Yomgy. and 
othev  motheiiiaticiaDS^  hava  eoaaiilered  thelupad 
within  the  tube  to  be  of  unifona  denfikf  ;  hvt,  Fioia- 
seiv  isi  one  of  those  mairtcrly  productions  itt.ivliiBk 
he  eluci^ktes  the  moat  idMHbnisfr  aubjectSy  has.  b&- 
emtly  proved  tihat  l3ke  phenomena  «f  capiHaiy* 
attraction  depend  upon  a  vapid  decpease  in  the:  dea- 
sitj  of  the  liquidr  c^umn  throughout  an  extandy 
small  space  at  its  suxface.  £yery  indefiaitdy  thm 
layer  of  a  liquid  ia  eompreased  by  the  li<|ttid  ahoive 
i£,  and  supported  by  that  below ;  its  d^prea  of 
condensation  depends  up^i  the  magnitude  of  the 
compressing  force,  and  as  this  force  decseaaes 
iiyadly  towaida  tha  «isfifie,^«Vttat^\)E.>iaB]aheaylhe 
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deasitfcf  tktliqaiddecrtaaesaliai  H^PuinonliM 
•hofwn  UMifey  wWn  ihi»  force  k  mnittij^^i?  cayiU 
1«7  iwiiBe  betomet  pltaiey  aid  tkat  Ja  liqiiitl  in 
tlK  tube  will  BtiihcT  rite  above  otr  sink  bebw  tbe 
leval  «f  Ibat  ia  the  eoipi  but^  in  etdmatiBg  tbe 
£»iee«,iiifr  tkamnnsonmry  to  iadude  IhewiatkNi 
kk  dK  iemnty  oi  the  eapilUury  unfiM^e  Mimd  the 
odgtHy  fino^  tbft  attiactieii  of  the  tibe. 

The  dmeHaa  cf  the  remilting  liiree  detemniiMs 
the  «arft(teie  efibe  lorfbce  of  the  capillary  celtt^ 
Inoidirthat  a  liiiptid  may  be  in  equilibrie,  thel^ 
jwrkMig  fwa  aUthe  foicea  acting upmi  it  muat  be 
fOfgaiimim  to  the  8iiz£u:e.  New,  it  appean  that, 
aa  glaaa  ia  nore  dsnae  than  water  or  atoehol,  the 
ntoltii^  force  will  be  inelined  towards  tdie  interior 
aide  ef  thfe  tube,  therefoie  the  tur&ee  <^  the  liqnid 
amat  be  mumt  elevcated  next  the  aidea  of  the  tnbe 
than  in  the  centBe,  in  order  to  be  perpendicular  to 
it,  ao  thai  it  w^  be  coneafe,  aa  in  the  tbeRnemetcr* 
Bat  aa  1^  ia  leia  dense  then  mmcnry,  the  reaulii^ 
ia^  foiee  wiU  be  inclined  from  the  interior  side  of 
the  tube,  so  that  the  surftce  of  the  eapiUarf  colunui 
amst  be  nwre  dejNcessed  next  the  site  of  the  ti^ 
than  in  the  centre,  in  order  to  be  perpendicular  to 
it,  and  ia  consequently  convex,  as  may  be  perceived 
a  the  meseury  of  the  barometer  when,  rising.  The 
absorption  of  noisture  l^  sponges^  sugar,  salt,  &c^ 
aieiGHniliar  exampka  <rf  capiUary  attraction ;.  indeedi 
the  jMiaan^  aqg^  are  a»  minute,  that  ih»a  vaasttA 
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to  be  no  limit  to  the  ascent  of  the  liquid.   The  phe- 
nomena ttii^g  from  the  force  of  cohesion  are 
ihnumeraUe :  the  epherical  form  of  rain-drops  and 
shot)  the  rise  of  liquids  between  plane  surfaces,  the 
difficulty  of  detaching  a  plate  of  glass  fttim  the  sur- . 
face  of  water,  the  force  with  which  two  plane  sur- 
faces adhere  when  pressed  together, — are  all  effects 
of  cohesion,  entirely  independent  of  atmospheric 
pressure,  and  are  included  in  the  same  analytical 
formulae,  which  express  all  the  circumstances  ac- 
curately, although  the  law  according  to  which  the 
forces  of  cohesion  and  repulsion  vary  is  unknown, 
except  that  they  only  extend  to  insensible  distances. 
The  difference  between  the  forces  of  cohesion  and 
repulsion  is  called  molecular  force,  and,  wl^n  mo- 
dified by  the  electrical  state  of  the  particles,  is  the 
general  cause  of  chemical  affinities,  which  only  take 
place  between  particles  of  different  kinds  of  matter, 
though  not  under  all  circumstances.     Two  sub- 
stances may  indeed  be  mixed,  but  they  will  not  com- 
bine to  form  a  third  substance  different  from  both, 
unless  their  component  particles  unite  in  definite 
proportions.  That  is  to  say — one  volume  of  one  of 
the  substances  will  unite  with  one  volume  of  the 
other,  or  with  two  volumes,  or  with  three,  &c.,  so  as 
to  form  a  new  substance,  but  in  any  other  propor- 
tions it  will  only  form  a  mixture  of  the  two.     Fot 
example,  one  volume  of  hydrogen  gas  will  combine 
with  eight  volumes  of  oxy^xi,  wvQl  iGtm-^^XRst  \  or 
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it  will  unite  with  sixteen  volumes  of  oxygen^  and 
fonn  deutoxkfe  of  hydrogen;  but  added  to  any 
other  volume  of  oxygen,  it  will  merely  be  a  mixture 
of  the  two  gases.  This  law  of  definite  proportion, 
established  by  Dalton  of  Manchester,  being  uni- 
versal, is  one  of  the  most  important  discoveries  in 
physical  science,  and  furnishes  unhoped-for  in- 
formation with  regard  to  the  minute  and  secret 
operations  of  nature  in  the  ultimate  particles  of 
matter,  whose  relative  weights  are  thus  made 
known.  It  would  appear  also  that  matter  is  not 
infinitely  divisible,  and  Dr.  Wollaston  has  shown 
that,  in  all  probability,  the  atmospheres  of  the 
sun  and  planets,  as  well  as  of  the  earth,  consist 
of  ul^mate  atoms,  no  longer  divisible,  and  if  so, 
that  our  atmosphere  will  only  extend  to  that  point 
where  the  terrestrial  attraction  is  balanced  by  the 
dasticity  ai  the  air. 

AH  substances  may  be  compressed  by  a  suffi- 
cient foree,' and  are  said  to  be  more  or  less  elastic 
acccnding  to  the  haHtf  with  which  they  regain 
their  volume  when  the  pressure  is  removed,  a  |Hro- 
perty  which  depends  upon  the  repulsive  force  of 
their  particles.  But  the  piessure  may  be  so  great 
as  to  bring  the  partseles  near  enough  to  one  ano- 
ther to  come  within  the  sphere  of  their  cohesive 
fnroe,  and  then  an  lyBriform  fluid  may  become  a 
Kquid}  and  a  hxfM  t  solid.     Mr.  Faraday  basik 
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Tedaced  some  of  the  gases  to  a  Mquid  state  bjr  Tcry 
great  compression ;  but,  although  atmoqriieric  nr 
is  cafMihle  of  a  great  diminntiaQ  of  vohune,  U  ail- 
vays  letains  its  gaseous  pnperties,  which  neaiune 
liheir  primitive  yolume  the  instant  the 
lemoved,  in  consequence  of  the  elaaticily 
moncd  by  the  mutual  repulsioQ  of  its  partietea. 

SECTION  XVI. 

Thb  atmosphere  is  not  homogeneous ; .  it  9ppemtB 

from  analysis  that,  of  100  parts,  79  aie  aiotic  gai^ 

and  21  oxygen,  the  great  source  of  ooaJiuaticNi 

«nd  animal  heat    Besides  these,  there  aret^me 

or  four  parts  of  carbonic  acid  gas  in  100(^  porta  of 

atmospheric  air.    These  proportions  avcliMiQd  lo 

he  the  same  at  all  heights  hitherto  attained  Joff 

man.   The  air  is  an  elastic  fluid,  resisting  pifSMinr 

in  every  direction,  and  is  subject  to  the  powor  of 

gravitation :   for,  as  the  space  in  the  top  of  the 

tube  of  a  barometer  is  a  vacuum,  the  colomii  of 

mercury  suspended  by  the  pressure  of  the 

sphere  on  the  sur£ftoe  of  the  cistern  is  a 

.«f  its  weight ;  consequently,  every  variatioii  ii|  the 

^leosity  occasions  a  corresponding  rise  €X  fidl  in 

the  barometrical  column.     The  pressure  af  the 

jifaBQQsphere  is  about  fifteen  pounds  cm  evevy  squme 

inch,  BO  that  the  surface  of  the  whole  g]k)be 
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tainft  a  wdght  of  11449000000  Inindieds  of 
mniirw  of  pounds.  SheU-fiflhy  which  have  the 
power  of  pEodudng  a  vacuum,  adhere  to  the  rocks 
faj  a  pressure  of  fifteen  pounds  upon  every  squsie 
inck  of  contact. 

Since  ^  atnunphere  is  hoth  elastic  and  heavy, 
its  density  necessarily  diminishes  in  ssoending 
above  the  surface  of  the  earth,  for  each  stratum  of 
air  is  compresied  only  by  the  weight  above  it; 
therefore  the  upper  strata  sre  less  dense,  because 
they  aie  kss  compressed  than  those  bebw  then. 
Whence  it  is  easy  to  show,  supposing  the  tem- 
perature to  be  constant,  that,  if  the  heights  above 
the  earth  be  taken  in  increawng  arithmetical  pro- 
gression,— that  is,  if  they  increase  by  eq^  quan- 
tities, as  by  a  foot  or  a  mile,  the  densities  of  the 
flkntaof  air,  or  the  heights  of  the  barometer,  whkh 
ane  proportioDal,  to  them,  will  decrease  in  geome- 
trical progression.  For  example,  at  the  level  of 
the  aca»  if  the  mean  height  of  the  barometer  l|e 
29*922  inches,  at  the  height  of  18000  feet  it  wi|l 
be  14*961  inches,  or  one-half  aa  great;  si  the 
Iwight  of  36000  feet  it  will  be  one-fourth  as  great ; 
at  &4000  feet  it  will  be  one-eighth,  and  so  on, 
which  afibrds  a  method  of  measuring  the  hei§^ 
oC  m*^^"»fa"™*  with  considerable  accuracy,  mvI 
vouldbeveiy  aimpleif  thedecKssein  the  density 
of  the  air  were  CMcdy  according  to  the  precgtoy 

K  2 
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law ;  but  it  is  modified  by  several  circmnstancesy 
and  chiefly  by  the  changes  of  temperature,  because 
heat  dilates  the  air  and  cold  contracts  it,  the  varia- 
tion being  ^tt  ^^  every  d^ree  of  Fahrenheit's 
thermometer.  Experience  shows  that  the  heat  of 
the  air  decreases  as  the  height  above  the  surface 
of  the  earth  increases ;  and  it  appears,  from  recent 
investigations,  that  the  mean  temperature  of  space 
is  58®  below  the  freezing  point  of  Fahrenheit, 
which  would  probably  be  the  temperature  of  the- 
surface  of  the  earth  also,  were  it  not  for  the  non- 
conducting power  of  the  air,  whence  it  is  enabled 
to  retain  the  heat  of  the  sun's  rays,  which  the 
earth  imbibes  and  radiates  in  all  directions. 
The  decrease  in  heat  is  very  irregular,  but  from 
the  mean  of  many  observations,  it  appears  to  be 
about  14®  or  15°  for  every  9843  feet,  which  is  the 
cause  of  the  severe  cold  and  eternal  snows  on  the 
summits  of  the  Alpine  chains.  The  expansion  of 
the  atmosphere  from  the  heat  of  the  sun  occasions 
diurnal  variations  in  the  height  of  the  barometer. 
Of  the  various  methods  of  computing  heights  from 
barometrical  measurements,  that  of  Ivory  has  the 
advantage  of  combining  accuracy  with  the  great- 
est simplicity.  The  most  remarkable  result  of 
barometrical  measurement  was  recently  obtained 
by  Baron  Von  Humboldt,  showing  that  about 
eighteen  thousand  square  leagues  of  the  north- 
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west  of  Asia,  including  the  Caspian  Sea  and  the 
Lake  of  Aral,  are  more  than  three  hundred  and 
twenty  feet  hdow  the  level  of  the  surface  of  the 
ocean  in  a  state  of  mean  equilibrium.  This  enor- 
mous basin  is  similar  to  some  of  those  large  cavi- 
ties on  the  surface  of  the  moon,  and  is  attributed, 
by  Humboldt,  to  the  upheaving  of  the  surrounding 
mountain-chains  of  the  Himalaya,  of  Kuen-Lun, 
of  Thian-Chan,  to  those  of  Armenia,  of  Erzerum, 
and  of  Caucasus,  which,  by  undermining  the 
country  to  so  great  an  extent,  caused  it  to  settle 
below  the  usual  level  of  the  sea.  The  very  con- 
templation of  the  destruction  that  would  ensue 
£rom  the  bursting  of  any  of  those  barriers  which 
now  shut  out  the  sea  is  fearful.  In  consequence 
of  the  diminished  pressure  of  the  atmosphere, 
water  boils  at  a  lower  temperatiure  on  the  moun- 
tain-tops than  in  the  valleys,  which  induced  Fahr- 
enheit to  propose  this  mode  of  observation  as  a 
method  of  ascertaining  their  heights ;  but  although 
an  instrument  was  constructed  for  that  purpose  by 
Archdeacon  WoUaston,  it  does  not  appear  to  have 
been  much  employed. 

The  atmosphere,  when  in  equilibrio,  is  an 
ellipsoid  flattened  at  the  poles  from  its  rotation 
with  the  earth:  in  that  state  its  strata  are  of 
imiform  density  at  equal  heights  above  the  level 
of  the  sea,  and  it  is  sensibly  of  finite  extent,  whe- 


194  CONNEXION  OF  THS 

ther  it  consists  of  particles  infinitely  cBTuAle  or 
not.  On  the  latter  hypothesis^  it  most  reaSly  he 
finite,  and  even  if  its  particles  he  infinitely' dm- 
sihle,  it  is  known,  hy  experience,  to  he  of  extreme 
tenuity  at  very  small  heights.  The  hiflrometer 
rises  in  proportion  to  the  snperincnmhent  prewiire. 
At  the  level  of  the  sea,  in  the  latitude  of  45^,  and 
at  the  temperature  of  melting  ice,  the  mean  height 
of  the  harometer  heing  29*922  inches,  the  density 
of  air  is  to  the  density  of  a  similar  volume  of  mer- 
cury, as  1  to  10471'9,  consequently  the  hdght  of 
the  atmosphere,  supposed  to  he  of  uniform  density, 
would  he  ahout  4*95  miles;  hut  as  the  deoaitydc-' 
creases  upwards  in  geometrical  progression,  it  is 
considerahly  higher,  prohahly  ahout  fifty  mske.  Hie 
air,  even  on  the  mountain-tope,  is  sufficiently  rare 
to  diminish  the  intensity  of  sound,  to  afifect  rcapira- 
tion,  and  to  occasion  a  loss  of  muscular  Btren§^ 
The  hlood  hurst  from  the  lips  and  ears  of  M.  ds 
Humholdt  as  he  ascended  the  Andes,  and  he  expe- 
rienced the  same  difficulty  in  kindling  and  main- 
taining a  fire  at  great  heights  that  Marco  Bale,  (he 
Venetian,  did  on  the  mountains  of  Central  Ana. 
At  the  height  of  thirty-seven  miles,  the  atmoiqfihere 
is  still  dense  enough  to  reflect  the  rays  of  die  son 
when  eighteen  degrees  helow  the  horizon;  and 
although  at  the  height  of  fifty  miles,  the  huarsting 
of  the  meteor  of  1183  was  heard  on  earth  liiEe  the 
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npori  of  a  ctnaaiip  it  only  proves  the  immeiwity 
of  ibe  explonon  of  «  maw,  half  a  mile  in  diamdcTj 
wbach  ceuU  piodiioe  a  sound  capable  of  penetimU 
i&g  Mir  three  *^>^«^^^  times  more  rare  than  that 
w€  biaathe;  but  even  these  heights  are  extremely 
smAll  "^i^ea  compared  with  the  radius  of  the  earth. 

Tho  acticm  of  the  sun  and  moon  disturbs  tha 
aquiUbrium  of  the  atmoiphere,  producing  oscilla* 
tioBS  similar  to  those  in  the  ocean,  which  ought  to 
accasiOB  periodic  vanations  in  the  heights  of  the 
baiometer.  These,  however^  are  so  extremely  small, 
that  their  existence  in  latitudes  far  removed  fnm 
the  equator  is  doubtful.  M.  Arago  has  lately  beeo 
«¥en  led  to  conclude  that  the  barometrical  vaxia-> 
turns  correqpondixig  to  the  phases  of  .the  moon  are 
the  afibcts  of  some  special  cause,  totally  difieient 
from  attraction,  of  which  the  nature  and  mode  of 
action  are  imknowii.  La  Place  seems  to  think 
that  the  flux  and  reflux  distinguishable  at  Paris 
may  be  oocasioned  by  the  rise  and  fall  of  the 
ocean,  which  forms  a  variable  base  to  so  great  m 
portion  of  the  atmosphere. 

The  attraction  of  the  sun  and  moon  has  no 
seiUBblc  efiect  on  the  trade  winds;  the  heat  of  the 
sun  oocasions  these  aerial  currents,  by  rarefying 
tiie  air  at  the  equator,  which  causes  the  cooler 
and  more  dense  part  of  the  atmosphere  to  rush 
along  t^  sur&ce  of  the  earth  to  ^  equator. 
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while  that  which  is  heated  is  carried  along  the 
higher  strata  to  the  poles,  forming  two  counter 
currents  in  the  direction  of  the  meridian.  But 
the  rotatory  velocity  of  the  air,  corresponding  to 
its  geographical  position,  decreases  towards  'the 
poles ;  in  approaching  the  equator,  it  must  there-' 
fore  revolve  more  slowly  than  the  corresponding 
parts  of  the  earth,  and  the  hodies  on  the  surface 
of  the  earth  must  strike  against  it  with  the  excess 
of  their  velocity,  and,  hy  its  reaction,  they  will 
meet  with  a  resistance  contrary  to  their  motion  of 
rotation :  so  that  the  wind  will  appear,  to  a  person 
supposing  himself  to  be  at  rest,  to  blow  in  a  con- 
trary direction  to  the  earth's  rotation,  or  from  east 
to  west,  which  is  the  direction  of  the  trade  winds. 
The  equator  does  not  exactly  coincide  with  the 
line  which  separates  the  trade  winds  north  and 
south  of  it ;  that  line  of  separation  depends  upon 
the  total  difference  of  heat  in  the  two  hemispheres, 
arising  from  the  unequal  length  of  their  smnmers, 
the  distribution  of  land  and  water,  and  other 
causes.  There  are  many  proofs  of  the  existence 
of  a  counter  current  above  the  trade  winds.  On 
the  Peak  of  Teneriffe,  the  prevailing  winds  are  from 
the  west.  The  ashes  of  the  volcano  of  St.  Vin- 
cent's, in  the  year  1812,  were  carried  to  windward 
as  far  as  the  island  of  Barbadoes  by  the  upper 
current.     The  captain  of  a  Bristol  ship  declared 
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that,  on  that  occasion,  dust  from  St.  Vincent's  fell 
to  the  depth  of  fire  inches  on  the  deck  at  the  dis^ 
tance  of  500  miles  to  the  eastward ;  and  light 
clouds  have  frequently  heen  seen  moving  rapidly 
from  irest  to  east,  at  a  very  great  height  above  the 
trade  winds,  which  were  sweeping  along  the  «ar« 
face  of  the  ocean  in  a  contrary  direction. 

SECTION    XVII. 

WiTHOTJT  the  atmosphere,  death-like  silence  would 
Iirevail  through  nature,  for  it,  in  common  with  aQ 
substances,  has  a  tendency  to  impart  vibrations 
to  those  in  contact  with  it,  therefore  undulations 
received  by  the  air,  whether  it  be  from  a  sudden 
impulse,  such  as  an  explosion,  or  the  vibrations  of 
a  musical  chord,  are  propagated  equally  in  every 
direction,  and  produce  the  sensation  of  sound  upon 
the  auditory  nerves.  In  the  small  undulations  of 
deep  water  in  a  calm,  the  vibrations  of  the  liquid 
particles  are  made  in  the  vertical  plane,  that  is^ 
at  right  angles  to  the  direction  of  the  transmission 
of  the  waves ;  but  the  vibrations  of  the  particles  of 
ur  which  produce  sound  differ,  being  performed 
in  the  same  direction  in  which  the  waves  of  sound 
travel.  The  propagation  of  sound  may  be  illus- 
trated by  a  field  of  com  agitated  by  a  gust  of 
wind;  for  however  irr^olar  the  motion  of  the 
com  may  seem,  on  a  superficial  view,  it  will  he 
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finmdy  if  the  int^imly  ef  the  vmd  be  eoMtMM^ 
thet  tibe  waves  are  all  pieciadly  aiaulax  aadLeq^Ml^ 
and  that  all  are  aqparated  l^  equal  ialiervals,  muk 
iwnre  in  equal  times, 

A  MMJUen  blast  depresses  each  ear  eipialfy  aad 
suooesaiTely  in  the  directica  of  the  wind}  InU  la 
consequence  of  the  dasticity  of  the  aialka  mad  the 
force  of  the  impulse,  each  ear  not  only  rises  again 
as  soon  as  the  pressure  is  removed,  but  bends 
bftck  nearly  as  much  in  the  coatraiy  diiiectikia, 
and  then  continues  to  oscillate  backwinb  aad 
forwarda  in  equal  times  like  a  pendulum^  to  a  lew 
and  less  extent^  till  the  lesiistance  of  the- air  pute  « 
atop  to  the  motion.  These  vibrations  avetba  aiofi 
lor  every  individual  ear  of  com ;  yet  aa  their  oaeil^ 
lations  do  not  all  commence  at  the  oMune  (tjaie^  but 
suGcessively,  the  ears  will  have  a  variety  ^  poBi>» 
tions  at  any  one  instant.  Some  of  tiie  advaaciBg 
eai8  will  meet  others  in  thm  returning  Yihratioii% 
and  as  the  tmies  of  oscillation  are  equal  iix  all, 
tiiey  will  be  crowded  together  at  regular  intervals ; 
between  these,  there  will  occur  equal  spacea  vheie 
the  ears  will  be  few,  in  consequence  of  beifiig  beat 
in  <^osite  directions;  and  at  other  equal  inter* 
vals  they  will  be  in  their  natural  upright  posittona  j 
so  that  over  the  whole  field  there  will  be  a  rogalar 
SjBties  of  condensations  and  rarefactioue  among  the 
ears  m£  com,  separated  by  equal  intervala  where 
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iSkef  wffl  be  m  dieur  sstutal  state  of  dmmtf^.    im 
CTWWoqncDoe  <if  Iheie  dumges  the  fieli  «tt  te 
msiiBd  Vy  a  idternatioii  ef  farigfat  and  dak 
VtfHb.    Hius  te  Kicoesiive  waves  wfaadi  ij  oiwr 
fiie  cam  widi  te  speed  of  the  wind  are  totally 
dntkict  ton,  and  cntbelj  kidependcBt  «^  d» 
extent  of  the  osdllations  of  each  adividiial  car^ 
Aongli  bodi  take  place  ia  tiie  same  diiectnni. 
The  kngth  of  a  wave  is  equal  to  the  apace  fa^ 
tweea  taro.ears  precisely  in  the  same  state  «f 
moidaii,  or  which  are  moving  similarij,  and  the 
^me  of  the  vibration  of  each  car  is  eqnai  to  that 
whicb  ekpees  between  the  arrival  of  two  successive 
waves  St  tin  same  point     The  only  difieienoa 
betweea  iSbe  undnlations  of  a  corn-field  and  those 
of  die  air  which  produce  sound  is,  that  each  ear 
of  eom  is  set  in  motion  by  an  eitemal  cause,  and 
is  mnnflnenoed  by  the  motion  of  the  vest,  whereas 
in  air,  whidi  is  a  compressyble  and  elastic  £knd, 
when  one  partide  begins  to  osdlkte,  it  communir 
cales  itsvftratioBs  to  die  surrounding  paiticks^ 
whkh  transmit  d^m  to  those  adjacent,  and  so  on 
contiuttally.     Hence,  from  the  snccessiFe  vibra- 
tions of  die  particles  of  air,  the  same  tegular  con- 
deasatioiis  and  rare£actions  take  place  as  in  die 
fidd  of  com,  producing  waves   throughsut  ikft 
wMe  mass  of  air,  though  each  molecule,  like  eaek 
in£vidaal  ear  of  eon,  never  moves  iur  Aram  its 
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state  of  rest.    The  small  waves  of  a  liquid,  and 
the  imdulations  of  the  ah*,  like  waves  in  the  oom, 
aine  evidently  not  real  masses  moving  in  the  direc- 
tion in  which  they  are  advancing,  bat  merely 
oiiilinesy  motions,  or  forms  rushing  along,'  and 
comprehending  all  the  particles  of  an  undulating 
fluid,  which  are  at  once  in  a  vibratory  state.     Or, 
in  other  words,  an  undulation  is  merely  the  conti- 
nued transmission  in  one   direction  of  particles 
bearing  a  relative  position  to  one  another.  It  is  thus 
that  an  impulse  given  to  any  one  point  of  the 
atmosphere  is  successively  propagated  in  all  direc- 
tions, in  waves  diverging  as  from  the  eentre  of  a 
sphere  to  greater  and  greater  distances,  but  with 
decreasing  intensity,  in  consequence  of  the  in- 
creasing number  of  particles  of  inert  matter  which 
the  force  hai^  to  move ;  like  the  waves  formed  in 
still  water  by  a  falling  stone,  which  are  piropa- 
gated  circularly  all  around  the  centre  of  disturb- 
ance.   These  successive  spherical  waves  are  only 
the  repercussions  of  the  condensations  and  niiotions 
of  the  first  particles  to  which  the  impulse  was  given. 
The  intensity  of  sound  depends  upon  the  vio- 
lence and  extent  of  the  initial  vibrations  of  air, 
but  whatever  they  may  be,  each  undulation^  when 
once  formed,  can  only  be  transmitted  straight 
forwards,  and  never  retimis  back  again  unless 
when  TCflected  by  an  opposing  obstacle.     The 
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vibrations  of  the  aerial  molecules  are  always 
extremely  small,  whereas  the  waves  of  somid  vary 
from  a  few  indies  to  several  feet.  The  various 
kinds  of  musical  instruments,  the  human  voice, 
and  that  of  animals,  the  singing  of  iNids,  the 
hum  of  insects,  the  roar  of  the  cataract,  the 
whistling  of  the  wind,  and  the  other  nameless 
peculiarities  of  sound,  at  once  show  an  infinite 
•variety  in  the  modes  of  aerial  vibrations,  and  the 
astonishing  acuteness  and  delicacy  of  the  ear,  thus 
capable  of  appreciating  the  minutest  differences 
in  the  laws  of  molecular  oscillation. 

All  mere  noises  are  occasioned  by  irregular  im- 
pulses communicated  to  the  ear,  and  if  they  be 
short,  sudden,  and  repeated  beyond  a  certain  de- 
g^ree  of  quickness,  the  ear  loses  the  intervals  of 
silence,  and  the  sound  appears  continuous,  because, 
like  the  eye,  it  retains  the  perception  of  excite- 
ment for  a  moment  after  the  impulse  has  ceased. 
Or,  in  other  words,  the  auditory  nerves  continue 
their  vibrations  for  an  extremely  short  period  after 
.theompulse,  before  they  return  to  a  state  of  repose. 
-StiU  snc^h  sounds  will  be  mere  noise;  in  order  to 
pvoduce  a  musical  soimd,  the  impulses,  and,  con- 
sequently, the  undulations  of  the  air,  must  be  all 
:  esacjtly  similar  in  duration  and  intensity,  and  must 
vecor  after  exactly  equal  intervals  of  time.  The 
.quality <)f  a  musical  note  depends  upon  the  abrupt 
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ly  and  its  iatenshj  upooei  tlK  Tiolence  and  car- 
tent  of  the  onginal  impalie.  B«t  iheivhdbtbeQay 
of  Ittimonics  is  founded  vpoa  tbe  pitch  nibkih 
varies  with  the  rapidi^  of  i^  TifaratkHU.     Hat 
gnve,  or  low  tones   axe  produced  by  irery  riov 
Tibratioas,  whick  increase  in  freqwaacj  {vognai- 
■Evetyy  as  the  note  becomes  more  aeute.    Wbn 
t^  vibvalions  ef  a  musical  Gh(H:dy  ior  PTiaqaie^ 
aie  less  than  sixteen  in  a  seooiid».  it  wi^  aot 
communicate  a  continued  seimd  to  thr  ear;  liat 
Tibiatioiis  or  pulses  increase  in  mmiba  with  tfe 
acuteness  of  the  note  till,  at  last,  aU  sense  of  pitch 
is  lost     Hie  whole  extent  of  hmnss  hesxing, 
from  the  lowest  note  of  the  organ  to  tiie  hi|^heat 
known  cry  of  insects,  as  of  the  cricket,  inrJudfc'ii 
about  nine  oetaves.    All  ears,  howevdr,  aiKbf  no 
means  gifbed  with  so  great  a  range  of  bBsnag; 
many  people,  though  not  at  all  deaf^  aae  €pjii^ 
insensilde  to  the  cry  of  the  bat  cm  the  dkket, 
while  to  others  it  is  painfully  shrill.    AccardsDg 
to  reeent  experiments  by  M.  S&vart,.  liie  kamii 
ear  is  capable  of  hearing  sounds  anssng  Asm 
about  24000  Tibrationfi  in  a  second,  anil  is  cott- 
sequently  aUe  to  appreciate  a  sound  whidb  eolgr 
lasts  the  twenty -^feur  thoufiandth  part  of  a  mosmL 
All  people  do  not  hear  the  deep  soundp  alaks^  that 
&culty  seems  to  dqpend  upon  thefrequoai^  cf  Ike 
nbrstions,  and  not  on  the  intOMity  €Br  kniani. 
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Buty  ahiioug^  tliere  axe  Hndti  to  dtt  vibratiom 
«£  our  anditary  nerves.  Dr.  WoUaBtm,  wlio  hm 
InTCTtigaled  this  cajiouB  Bubject  witk  his  usual 
arigiDatitj,  observes,  that  **  as  there  is  nothiag  in 
llie  nature  of  tiie  atmotphere  to  prevent  the  ezist- 
cnoe  of  vibratioos  incomperaUy  more  frequent 
than  any  of  which  we  are  consdom,  we  majf 
imagine  tibat  animals,  like  the  Grylli,  whose 
poivffs  appear  to  commence  nearly  where  oum 
terminate^  may  have  the  &ciilty  of  hearing  still 
sharper  sounds  which  we  do  not  know  to  exist, 
mod  that  tiiere  may  be  other  insects  hearing  no- 
tinng  in  common  with  us,  but  endowed  with  a 
power  of  exciting,  and  a  sense  which  perceives 
vibratifms  of  the  same  natnro  indeed  as  those 
windi  omstitiite  our  ordinary  sounds,  but  so  xe- 
mote,  that  the  animals  who  perceive  them  may  be 
said  to  possess  another  sense  sgreeing  with  mxr 
•wn  soUy  in  the  mectium  by  which  it  is  excited.^ 
The  velocity  of  sound  is  unifonn,  and  is  inde- 
pendeat^dtt  nature,  extent,  andmteasi%pf  the 
primitive  disturbance.  Consequently  soundly  #f 
every  quality  and  pitch,  travel  with  equal  speed; 
the  smallest  difference  in  their  velocity  is  incmn- 
patiUe  either  with  haxmony  or  melody,  for  notes 
«l  diffsKBt  pitehes  and  intensities,  sounded  toge- 
ther at  a  little  distance,  would  arrive  at  the  smr 
in  diftRttt  times;  and  a  rapid  succeaiion  of  notes 
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would  produce  confasion  and  discord.  But  as  the 
rapidity  with  which  sound  is  transmitted  depends 
upon  the  elasticity  of  the  medium  through  which 
it  has  to  pass,  whatever  tends  to  increase  the 
elasticity  of  the  air  must  also  accelerate  the  mo- 
tion of  sound;  on  that  account  its  velocity  is 
greater  in  warm  than  in  cold  weather,  supposing 
the  pressure  of  the  atmosphere  constant.  In  dry 
air,  at  the  freezing  temperature,  sound  travels  at 
the  rate  of  1089  feet  in  a  second,  and  at  62°  of 
Fahrenheit,  its  speed  is  1090  feet  in  the  same  time, 
or  765  miles  an  hour,  which  is  ahout  three-fourths 
of  the  diurnal  velocity  of  the  earth's  equator.  Since 
all  the  phenomena  of  sound  are  simple  conse- 
quences of  the  physical  properties  of  the  air,  they 
have  heen  predicted  and  computed  rigorously  hy  the 
laws  of  mechanics.  It  was  found,  however,  that 
the  velocity  of  soimd,  determined  hy  ohservation, 
exceeded  what  it  ought  to  have  heen  theoretically 
hy  113  feet,  or  ahout  one-sixth  of  the  whole 
amoWt*  La  Place  suggested  that  this  diBdMpancy 
might  arise  from  the  increased  elasticity  «fiiiie  air, 
-in  consequence  of  a  development  of  latent  heat 
during  the  undulations  of  sound,  and  the  result 
of  calculation  fully  confirmed  the  accuracy  of  his 
views.  The  atrial  molecules  heing  suddenly  com- 
pressed give  out  their  latent  heat,  and  as  air  is  too 
bad  a  conductor  to  carry  it  rapidly  off,  it  occasionB 
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a  momentary  and  local  rite  of  tempeTatmey  which 
increanng  the  consecutive  expansion  of  the  air, 
cauaea  a  still  greater  development  of  heat,  and  as 
it  exceeds  that  which  is  ahsorbed  in  the  next 
rarefActiony  the  air  hecomes  yet  wanner,  which 
favours  the  transmission  of  sound.  Analysis  g^vea 
the  true  velocity  of  sound,  in  terms  of  the  eleva* 
tion  of  temperature  that  a  mass  of  air  is  capable 
of  communicating  to  itself,  by  the  disengagement 
of  its  own  latent  heat,  when  it  is  suddenly  com- 
pressed in  a  given  ratio.  This  change  of  tempe« 
rature,  however,  cannot  be  obtained  directly  by 
experiment;  but  by  inverting  the  problem,  and 
assuming  the  velocity  of  sound  as  g^ven  by  expe* 
riment,  it  was  computed  that  the  temperature  of  a 
mass  of  air  is  raised  nine-tenths  of  a  degree  when 
the  compiession  is  equal  to  t4t  ^  i^  volume. 

Probably  all  liquids  are  elastic,  though  consi- 
derable finrce  is  required  to  compress  them.  Water 
suffers  a  condensation  of  nearly  0-0000496  for 
eveiy  atmospheie  of  presBure,  and  is  consequently 
capable  of  conveying  sound  even  more  rapidly 
than  air,  the  velocity  being  4106  feet  in  a  second. 
A  person  mider-water  hears  sounds  made  in  air 
£eeUy,  bat  those  produced  in  water  very  distinctly. 
Aocoiding  to  the  experiments  of  M.  CoUadon,  the 
8oand.of  a  bell  was  conveyed  under  water  through 
thelAke  of  Geneva  to  the  distance  of  about  nine 
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miks.  He  also  perceived  liitt  tke  ftiyeM  of 
aoimd  through  water  k  gita%  impedod  hf  the 
interposttioii  of  any  object,  meh  aa  a  |»ojeothif 
wall ;  conaequently  sound  oader  tmler  ^■^— »Mitf 
light,  in  hanng  a  distiiict  ahadopw.  It  ins  ma^ 
Jess  in  air,  being  tranamitted  all  rovaid  ^^Wiwgi^ 
cr  other  obatadea,  ao  as  ta  Ik  heard  in  evaij 
4vecstion,  though  nfiten  with  a  comaidegahle  dimi* 
nutioB  cf  intensity,  as  ivfaen  a  caixiage  toma  -the 
corner  of  a  streeti 

Thd  velocity  of  sound,  in  passing  thi«iighsolid% 
is  in  proportion  to  their  hardness,  -and  is  much 
l^reater  than  in  air  or  water.  A  sound  which 
takes  some  time  in  travelling  throii|^  dn  n, 
passes  almost  instantaneously  along  «  wiie  jdz 
InmdredfeetlongyCansequenitlyitisheanitiiioe, — 
first  as  commuiiicalted  by  the  wire,  and  after* 
wards  through  the  medium  of  tiie  air.  The 
^unlity  with  whidi  the  vibnttjons  of  sound  aie 
transmitted  along  the  grain  of  a  log  of  wood 
is  well  known;  indeed  they  pass  thra^  inn, 
glass,  and  some  kinds  of  wood  at  ths  nfee  cf 
18S30  feet  in  a  second.  Ilie  velodjbf  of  saiBid 
is  obstructed  by  a  variety  of  dRnunstwDces,  snck 
as  falling  snow,  £Bg,  rain,  or  any  otibcr  oanae 
which  <tistaibs  the  honogeneity  of  Ihe  aediw 
liyrougfr  which  it  has  to  -passv  Humboldt  «By% 
that  it  is  on  aces— t  of  ^  greater  hprnogeaailyaf 
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die  atmofphere  daring  the  night  that  mnumU  are  tfaes 
hetter  heaxd  than  during  the  day,  when  itt  denaly 
ia  popetuany  chuiging  from  partial  Tariationt  of 
tanqpenture.  Hii  attention  was  caUed  to  this 
■dbjcrt  by  die  niihing  noise  of  the  great  catmela 
of  tlie  Orinooo,  which  seemed  to  be  three  tiaea 
as  load  during  the  night  as  in  the  day,  6om  tha 
plain  oanonnding  the  Miation  of  the  Aporai. 
Tiu0  he  illmtrated  by  the  celebrated  experiment 
ef  CSMadni.  A  tall  glass,  half  full  of  champagne^ 
cannot  be  made  to  ring  as  long  as  the  efienrescence 
laata;  in  order  to  produce  a  mosicai  note,  tha 
l^aaa,  together  with  the  liquid  it  contains,  must 
nbrate  in  umson  as  a  system,  which  it  cannot  dq^ 
ia  conaequence  of  the  fixed  air  rising  through  tha 
wine  UDd  diatorbing  ita  homogeneity,  because  tha 
vibrations  of  the  gas  being  much  slower  than 
ikmt  of  the  liquid,  the  velocity  of  the  sound  ia 
pctpetually  inteimpted.  Fw  the  same  reaaoa,  tha 
tranamiaaiim  of  aound  aa  well  aa  light  is  impeded 
in  paeaing  through  an  atmosphere  of  variable 
densitj.  Sir  John  Herachel,  in  hia  admirable 
Treatiae  on  Sound,  thus  explains  the  phenomenon*. 
'*  It  ia  obvkma,"  he  aays,  ^^  that  sound  aa  well  aa 
Hgfat  moat  be  ohstruoied,  stifled,  and  dissipated 
finoa  ita  original  direction  by  the  mixtmne  of  air 
of  diftrent  temperaturea,  and  oooaequently  elaa» 
tiflitiHi;  and  thua  the  aarae  caoae  which  frodneva 

1.^ 
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that  extreme  transparency  of  the  air  at  night, 
which  astronomers  alone  fully  appreciate,  renders 
it  also  more  favourahle  to  sound.  There  is  no 
doubt,  however,  that  the  universal  and  dead 
silence,  generally  prevalent  at  night,  renders 
our  auditory  nerves  sensible  to  impressions  which 
would  otherwise  escape  notice.  The  analogy  be- 
tween sound  and  light  is  perfect  in  this  as  in  so 
many  other  respects.  In  the  general  light  of  day 
the  stars  disappear.  In  the  continual  hum  of 
voices,  which  is  always  going  on  by  day,  and 
which  reach  us  from  all  quarters,  and  never  leave 
the  ear  time  to  attain  complete  tranquillity,  those 
feeble  sounds  which  catch  our  attention  at  night 
make  no  impression.  The  ear,  like  the  eye,  re- 
quires long  and  perfect  repose  to  attain  its  utmost 
sensibility." 

Many  instances  may  be  brought  in  proof  of  the 
strength  and  clearness  with  which  sound  passes 
over  the  surface  of  water  or  ice.  Lieutenant 
Foster  was  able  to  carry  on  a  conversation  across 
Port  Bowen  harbour,  when  frozen,  a  distance  of  a 
mile  and  a  half. 

'  The  intensity  of  sound  depends  upon  the  extent 
of  the  excursions  of  the  fluid  molecules,  on  the 
energy  of  the  transient  condensations  and  dilata- 
tions, and  on  the  greater  or  less  number  of  par- 
ticles iviiich  experiraoe  these  effects;    and  yft 
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estimate  that  iiiteii9ity  by  the  impetus  of  theie 
fluid  molecules  on  our  organs,  which  is  conse* 
quently  as  the  square  of  the  velocity,  and  not  by 
their  inertia,  which  is  as  the  simple  velocity;  for 
were  the  latter  the  case,  there  would  be  no  sound, 
because  the  inertia  of  the  receding  waves  of  air 
would  destroy  the  equal  and  opposite  inertia  of 
those  advancing,  whence  it  may  be  concluded, 
that  the  intensity  of  sound  diminishes  in- 
versely as  the  square  of  the  distance  from  its 
origin.  In  a  tube,  however,  the  force  of  sound 
does  not  decay  as  in  open  air,  imless,  perhaps,  by 
friction  against  the  sides.  M.  Biot  found,  from  a 
number  of  highly-interesting  experiments  which 
he  made  on  the  pipes  of  the  aqueductlB  in  Paris, 
that  a  continued  conversation  could  be  carried  on, 
in  the  lowest  possible  whisper,  through  a  cylin- 
drical tube  about  3120  feet  long,  the  time  of 
transmission  through  that  space  being  2*79^  se- 
conds. In  most  cases  sound  diverges  in  all 
directions;  but  a  very  elegant  experiment  of  Dr. 
Young's  shows  that  there  are  exceptions.  When 
a  tuning-fork  vibrates,^  its  two  branches  alter- 
.nately  recede  from  and  approach  one  another; 
each  communicates  its  vibrations  to  the  air,  and 
anmsical  note  is  the  consequence.  If  the  f(»rk 
:be  held  upright,  about  a  foot  from  the  ear,  and 
tiyrned  round  its  axis  while  vibrating,  at  «v«r{ 
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tlQBrter  rcrohition  tne  somidf  will  wcsrc^y  Ibe 
Imrd,  while  ftt  the  interme^ate  pomto  it  irifi  lie 
strong  and  clear.  This  phenomenon  is  eecaaoned 
Ijythe  ftir  rashing  between  the  two  hnmehea  «f 
the  fork  when  they  recede  ftcm-  one  Mwdiery  tnd 
Iwing  squeezed  out  when  they  approfteh,  so  that  k  h 
in  one  state  of  motion  in  the  direction  in  which  the 
fork  Tibrates,  and  in  another  at  nght  angles  to  fL 
It  appears  from  theory  as  weK  as  daily  expe»> 
rience,  that  sound  is  capable  of  reflection  from 
snrftices,  according  to  the  same  laws  as  light 
Indeed  any  one  who  has  obserred  the  reflceiiop  of 
fSbt  wsTCs  from  a  wall  on  the  side  of  t^  river,  or 
irery  wide  canal,  after  the  passage  of  a  steam-llett^ 
nnXk  have  a  perfect  idea  of  the  selSeetifm  of  socosd 
snd  of  light  As  every  substance  in  natsc  is  mofe 
^r  less  elastic,  it  may  be  agitated  according  to  its 
0wn  law,  by  the  impulse  of  a  mass  of  nndulatiiig 
tar;  but  reciprocally,  the  surface  by  its  reselkni 
will  communicate  its  undulations  back  again  ints 
l&e  air.  Such  reflections  produce  echosy  mad  mb  a 
series  of  them  may  take  place  between  two  sr 
more  obstacles,  each  will  cause  an  echo  of  the 
original  sound,  growing  fainter  and  fainter  till  it 
^lies  away ;  because  sound,  like  light,  is  weakened 
hf  reflection.  Should  the  reflecting  surfiuie  be 
concave  towards  a  person,  the  souhd  will  converge 
towards  kim  with  increased  intensity,  which  wifl 
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lie  greater  iliE  if  the  swfkoe  be  ifbericel  enA 
eonceBtvic  naib  Mok*    Undiiktkios  of  toiuid  dn 
verging  fi!t)m  one  focus  of  an  ellipCicdl  iheU  con* 
irafe  in  tbe  elher  after  lefleetion;  oonae<|iieiitly 
a  flovad  fipom  tbe  one  will  be  heard  in  the  other 
aaif  itivwe  deee  to  the  emr.    The  rolling  [noisa 
of  thonder  hie  been  attributed  to  reverberation, 
between  difierent  cloiide,  which  may  possibly  be 
the  case  to  eome  degree;  but  Sir  John  Hertchel 
it  of  opuuOBy  that  an  intensely  prolonged  peal  ie 
probably  owing  to  a  combination  of  sounds,  be* 
cause  the  vdocity  of  electricity  being  incomparably 
greater  thao  that  of  sound,  the  thunder  may  bQ 
regarded  as  originating  in  every  pmnt  of  a  flash  of. 
h^itaingat  the  same  instant.  The  sound  from  the. 
nearest  paint  will  arrire  first,  and  if  the  flash  run  in 
a  direct  linefrom  aperson,  the  noise  will  oome  later 
and  kter  from  the  remote  points  of  its  path  in  m^ 
flafntiimed  loar.    Should  the  direction  of  the  flask, 
be  inrtinrt,  the  sucoession  of  sounds  will  be  mersi 
i^nd  and  mtense,  and  if  the  lightning  deschbei 
a  dscular  cnnre  round  a  person,  the  sound  will 
arrifn  finoi  every  point  at  the  same  instant  with 
a  stunning  crash.    In  like  manner,  the  subterr^*-. 
m  heard  during  eart^piakes,  like  diatanti 
r,  may  arise  from  the  consecuti^  arrival 
attecar  of  undwlatiens  propagated  at  the  samar 
inrtupt  ftnst  neaser  and  mare  mnote  p^ts^  ot^ 
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if  they  originate  in  the  same  point,  the  sound 
may  come  by  different  routes  through  strata  of 
different  densities. 

Sounds  undidr  water  are  heard  very  diatinctly  in 
the  air  inimediately  above,  but  the  intensity  decays 
with  great  rapidity  as  the  observer  goes  farlSier 
off,  and  is  altogether  inaudible  at  the  distance  of 
two  or  three  hundred  yards:  so  that  waves  of 
sound,  like  those  of  light,  in  passing  from  a  dense 
to  a  rare  medium,  are  not  only  refracted  but  sufl^r 
total  reflection  at  very  oblique  incidences. 

The  laws  of  interference  extend  also  to  sound. 
It  is  clear  that  two  equal  and  similar  musical 
strings  will  be  in  unison  if  they  communicate  the 
same  number  of  vibrations  to  the  air  in  the  same 
time.  But  if  two  such  strings  be  so  nearly  in 
unison  that  one  performs  a  hundred  vibrations  in 
41  second,  and  the  other  a  hundred  and  one  in  the 
same  period, — during  the  first  few  vibrations,  the 
two  resulting  sounds  will  combine  to  form  one  of 
double  the  intensity  of  either,  because  the  aerial 
waves  will  sensibly  coincide  in  time  and  place, 
but  the  one  will  gradually  gain  on  the  ot^ier,  till,  at 
the  fiftieth  vibration,  it  will  be  half  an  oscillation 
in  advance;  then  the  waves  of  air  which  produce 
the  sound  being  sensibly  equal,  but  the  receding 
part  of  the  one  coinciding  with  the  advancing  part 
of  the  other,  they  will  destroy  one  another,  and 
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occasion  an  instant  of  silence.  The  sound  will  be 
renewed  immediately  after,  and  will  gradually  in- 
crease till  the  hundredth  vibration,  when  tlie  two 
waves  will  combine  to  produce  a  sound  double  the 
intensity  of  either.  These  intervals  of  silence  and 
greatest  intensity,  called  beats,  will  recur  every 
second,  but  if  the  notes  differ  much  from  one 
another,  the  alternations  will  resemble  a  rattle; 
and  if  the  strings  be  in  perfect  unison,  there  will 
be  no  beats,  since  there  will  be  no  interference. 
Thus  by  interference  is  meant  the  coexistence  oi 
two  undulations,  in  which  the  lengths  of  the  wavea 
are  the  same ;  and  as  the  magnitude  of  an  undula- 
tion may  be  diminished  by  the  addition  of  another 
transmitted  in  the  same  direction,  it  follows,  that 
one  undulation  may  be  absolutely  destroyed  by 
another,  when  waves  of  the  same  length  are  trans-, 
mitted  in  the  same  direction,  provided  that  the 
Biajdma  of  the  undulations  are  equal,  and  that 
one  foUows  the  other  by  half  the  length  of  a  wave* 

SECTION    XVIII. 

When  the  particles  of  elastic  bodies  are  suddenly 
disturbed  by  an  impulse,  they  return  to  th^ir 
natural  position  by  a  series  of  isochronous  vibra- 
tions, whose  rapidity,  force,  and  permanency 
depend  upon  the  elasticity,  the  form,  and  the 
mode  of  aggregation  which  unites  the  particlea  of 
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tilt  Vody.  Theee  oscillatioiis  are  communicated 
to  the  air,  and  on  accoont  of  its  elasticity  they^ 
excite  alternate  condensations  and  dilatations  in' 
tiie  strata  of  the  fhiid  nearest  to  the  Tibratii^ 
body :  from  thence  they  are  propagated  to  a  dia- 
tance.  A  string  or  wire  stretched  between  two 
pins,  when  drawn  aside  and  suddenly  let  go,  wiS 
vibrate  till  its  own  rigidity  and  the  resistance  of 
the  air  reduce  it  to  rest.  These  oscillations  may 
be  rotatory,  in  every  plane,  or  confined  to  ono 
plane,  according  as  the  motion  is  communicated. 
In  the  piano-forte,  where  the  strings  are  string 
by  a  hammer  at  one  extremity,  the  vibrations  pxo^ 
bably  consist  of  a  bulge  running  to  and  fro  from 
end  to  end.  The  vibrations  of  sonorous  bodieay 
however,  are  compound.  Suppose  a  vibrating  string 
to  give  the  lowest  C  of  the  piano-forte,  which  is  the 
fundamental  note  oi  the  string ;  if  it  be  lightly 
touched  exactly  in  the  middle,  so  as  to  retain  that 
point  at  rest,  each  half  will  then  vibrate  twice  aa 
fast  as  the  whole,  but  in  opposite  directions ;  the 
ventral  or  bulging  segments  will  be  alternately 
above  and  below  the  natural  position  of  the  string, 
and  the  resulting  note  will  be  the  octave  above  C. 
When  a  point  at  a  third  of  the  length  of  the 
string  is  kept  at  rest,  the  vibration  will  be  three 
times  as  fast  as  those  of  the  whole  string,  and  will 
give  the  twelfth  above  C.    When  the  pmnt  of  rest 
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it  0Be4a«i^  c£  die  whale,  the  oiciBitimw  wili  W 
fiovr  tbnet  at  ftst  u  thoae  of  the  fundamental  notef 
and  win  gn«tibe  doable  octa^,  and  to  on.  Now,tf 
tibe  whole  tkriqgnhvale  freely,  a  §ood  ear  will  nol 
only  hear  the  fundamental  note,  but  wiU  dettel 
dH  the  othen  toonding  along  with  it,  though  wMi 
lett  and  leat  intenaity  at  the  pitch  becnmca  higher* 
Thete  acute  toundt,  being  connected  with  the 
luBdaaoental  note  by  the  lawt  of  hannony,  aat 
caUed  ifet  hannonici.  It  it  clear,  from  what  haa 
been  ttated^  that  the  ttring  thut  ribrating  ficeelf 
could  not  give  all  thete  hannonict  at  onoe,  unleaa 
St  difided  itadf  tpontaneoualy  at  itt  aliquot  paita 
isto  teg— intt  in  oppotite  ttatet  of  vibntion^ 
tqiarated  by  pointt  actually  at  lett  In  proof  of 
tUa,  paeoet  of  paper  placed  on  the  string  at  the 
half^  thirds  fourth,  and  other  aliquot  points,  will 
remain  on  it  during  itt  vibration,  but  will  inttaatly 
%offfromany  of  the  intermediate  pointt.  Tha% 
aeoordiiig  to  the  law  of  co-exitting  midnlatinin% 
the  whale  ttring  and  each  of  itt  aliquot  parte  aat 
is  diffiewnt  and  indepoident  ttatet  of  vibration  at 
the  tame  time ;  and  at  all  the  resulting  notet  are 
heard  timultaneously,  not  only  the  air,  but  the  ear 
alao,  'vihralet  in  uniaon  .with  each  at  the  same 
iMinnt  TbeptMnte  of  rest,  called  the  nodal  paintt 
o£tlieitoing,a]eamere  contoque&ce  (^  the  law  of 
iBieitfBaeneet.  For  if  a  rope  futened  at  one  end 
ke  moicd  to  aoai  6t  at  tbe  other  exttemityi  to  at 
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to  transmit  a  Baccesnon  of  equal  waves  along  it, 
they  win  be  successively  reflected  when  they  arrive 
at  the  other  end  of  the  rope  by  the  fixed  point,  and 
in  returning  they  will  occasionally  interfere  with 
the  advancing  waves;  and  as  these  opposite  undu- 
lationa  will  at  certaui  points  destroy  one. another, 
the  point  of  the  rope  in  which  this  happens  will 
remain  at  rest.  Thus  a  series  of  nodes  and  ven- 
tral segments  will  be  produced,  whose  number  wlQ 
depend  upon  the  tension  and  the  frequency  of  the 
alternate  motions  communicated  to  the  moveable 
end.  So,  when  a  string  fixed  at  both  ends  is  put 
in  motion  by  a  sudden  blow  at  any  point  of  it,  the 
primitive  impulse  divides  itself  into  twp  pulses 
running  opposite  ways,  which  are  each  totally 
reflected  at  the  extremities,  and,  running  back 
again  akng  the  whole  length,  are  again  reflected 
at  the  other  ends;  and  thus  they  will  continue  to 
run  backwards  and  forwards,  crossing  one  another 
at  each  traverse,  and  occasionally  interfering  so  as 
to  produce  nodes ;  so  that  the  motion  of  a  string 
fastened  at  both  ends  consists  of  a  wave  or  pulse, 
continually  doubled  back  on  itself  by  reflection  -at 
the  fixed  extremities. 

A  blast  of  air  passing  over  the  open  end  of  a 
tube,  as  over  the  reeds  in  Pan's  pipes ;  over  a  hole 
.    in  one  side,  as  in  the  flute;  or  through  the  aper- 
ture called  a  reed,  with  a  flexible  tongue,  as  in  the 
clarmetj    puts  the  mttttiiY  c^xxnai  c£  «ax  into 
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longitudinal  vibrations  by  the  alternate  condensa- 
tions and  rarefactions  of  its  particles ;  at  the  same 
time  the  column  spontaneously  divides  itself  into 
nodes,  between  which  the  air  also  vibrates  longi- 
tudinaUy,  but  with  a  rapidity  proportional  to  the 
number  of  divisions,  giving  the  fundamental  note 
and  all  its  harmonics.  The  nodes  are  produced 
on  the  principle  of  interferences,  by  the  reflection 
of  the  longitudinal  undulations,  at  the  closed  end 
or  ends  of  the  pipe,  as  in  the  musical  string,  only 
that  in  the  one  case  the  undulations  are  longitu- 
dinal, and  in  the  other  transverse.  Glass  and 
metallic  rods,  when  struck  at  one  end,  or  rubbed 
in  the  direction  of  their  length  with  a  wet  finger, 
vibiUte  longitudinally,  like  a  column  of  air,  by  the 
alternate  condensation  and  expansion  of  their 
constituent  particles,  wliich  produces  a  clear  and 
beautiful  musical  note  of  a  high  pitch,  on  account 
of  the  rapklity  with  which  these  substances  trans- 
nut  sound.  Rods,  surfaces,  and  in  general  all 
undulating  bodies,  resolve  themselves  into  nodes ; 
but  in  surfaces,  the  parts  which  remain  at  rest 
during  their  vibrations  are  lines,  which  are  curved 
or  plane  according  to  the  substance,  its  form,  and 
the  mode  of  vibration.  If  a  little  fine  dry  sand  be 
strewed  over  the  surface  of  a  plate  of  glass  or 
metal,  ground  smooth  at  the  edges,  and  if  'undu'« 
latkms  be  excited  by  drawing  tbe'bow  of-  a  vinl&x. 
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aerosi  its  edge,  it  will  emit  m  musical  wd,  mad 
ike  sand  will  immediately  arimiige  idxlf  in  llie 
nodal  lines,  where  alone  it  will  aocninalate  and 
remain  at  rest,  because  the  segments  «f  itm  anr- 
hce  on  each  side  will  be  in  difibi'ewft  staHes  of 
vibration,  the  one  being  always  elevated  wbfle  tte 
other  is  depressed,  and  as  these  two  motions  meet 
in  the  nodal  lines,  they  neutralize  one  another. 
Tliese  lines  vary  in  f^m  and  position  widi  the 
part  whoe  the  bow  is  drawn  across,  and  IIm 
point  by  which  the  plate  is  held  being  ait  real, 
must  necessarily  be  in  a  nodal  line ;  the  amaUeat 
vaciation  in  the  pitch  changes  the  nodal  liMs^  A 
somid  may  thus  be  detected  though  inatMiU>k» 
The  motbn  of  the  sand  shows  ia  what  diiedtMrn 
die  vibrations  take  place:  if  they  be  ptipcadicnUr 
to  the  aorface,  Ihe  sand  will  be  violentiy  toned 
op  aaid  down,  till  it  finds  the  paints. of  Test;  if 
they  be  tangential,  the  sand  will  only  cnep  along 
the  sntfaoe  to  the  nodal  Hnes.  Sometiines  the 
nndolations  are  oUiqne,  or  compounded  of  hodi 
the  preceding.  The  air  of  a  room,  when  tibrown 
into  undulationB  by  the  continued  sooad  of  an 
organ^pipe,  or  any  other  means,  divides  itsdf  into 
masses  separated  by  nodal  curves  of  doable  ewa- 
ture,  anch  as  spirals,  on  each  side  of  whikli  the 
air  is  in  oqp^posite  states  of  vibration. 
JJk  sdids  whseh  ring  when  atinidc,  «b  Ula» 
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diinkiiig-glMBea,  gongs,  &c.  haye  tlieir  tiupe 
jnomentarily  and  forcibly  changed  bj  the  blow, 
and  ham  their  elasticity,  or  tendency  to  reaume 
their  natural  form,  a  aeriea  of  undulationa  take 
place,  owing  to  the  alternate  condensationa  and 
Tarefoctiona  of  the  particles  of  solid  matter.  Theae 
baYe  also  their  harmonic  tones,  and,  oonaeqnently, 
nodes.  Indeed  generally  when  a  rigid  system  af 
aiiy  fonB  whatever  vibrates  either  transversely  or 
longitudinally,  it  divides  itself  into  a  certain  num- 
ber of  parts,  which  perform  their  yibrations  with- 
oat  disturbing  one  another.  These  parts  are  at 
every  kiatant  in  alternate  states  of  undulation, 
and  as  the  points  or  lines  where  they  join  partake 
of  both,  they  remain  at  rest  because  the  opposing 
ttotiooa  destroy  one  another. 

AU  bodies  have  a  tendency  to  impart  their 
amA^latyMna  hoth  to  thc  air  aod  to  substances  in 
cmitactwith  them.  A  musical  string  gives  a  very 
fecMc  prood  when  vibrating  alone,  on  account  of 
the  aoudl  quantity  of  air  set  in  motion;  but  when 
attached  to  a  sounding-board,  as  in  the  harp  and 
fiaao-tete,  it  communicates  its  undulattoDs  to 
9SkmX  aaifooe,  and  from  thence  to  every  part  of  the 
iBstnHBenty  so  that  the  whole  system  vibrates 
vnchroDOusly,  and  by  exposing  an  extensive  undu- 
laliBf  aui£ftoe,  which  transmits  its  undulatioBs  ta 
a  pieat  maaa  of  air^  the  sound  is  much 
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It  is  evident  that  the  sounding-boaTd   and   the 
whole  instrument  are  agitated  at  once  by  all  the 
8upeq>08ed  vibrations  excited  by  the  simultaneous 
or  consecutive  notes  that  are  sounded,  each  having 
its  perfect  effect  independently  of  the  rest.    The 
air,  notwithstanding   its  rarity,    is    capable    of 
transmitting  its  undulations  when  in  contact  with 
a  body  susceptible  of  admitting  and  exciting  them. 
It  is  thus  that  sympathetic  undulations  are  excited 
by  a  body  vibrating  near  insulated  tended  strings, 
capable  of  following  its  undulations,  either  by 
vibrating  entire,  or  by  separating  themselves  into 
their  harmonic  divisions.     When   a  tuningrfork 
receives  a  blow,  and  is  made  to  rest  upon  a  piano- 
forte, during  its  vibration  every  string  which,  either 
by  its  natural  length,  or  by  its  spontaneous  sub- 
divisions, is  capable  of  executing  corresponding 
vibrations,  responds  in  a  sympathetic  note.   Some 
one  or  other  of  the  notes  of  an  organ  are. generally 
in  unison  with  one  of  the  panes,  or  with  the  whole 
sash  of  a  window,  which  consequently  resound 
when  these  notes  are  sounded.    A  peal  of  thunder 
has  frequently  the  same  effect.    The  sound  of 
very  large  organ-pipes  is  generally  inaudible  till 
the  air  be  set  in  motion  by  the  undulations  of 
•some  of  the  superior  accords,  and  then  its  sound 
becomes  extremely  energetic.     Recurring  vibra- 
^'om  occasionally  influence  each  other's  periods. 
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For  example:  two  adjacent  organ-pipeB,  nearly 
in  unison,  may  force  themselves  into  concord,  and 
two  clocks,  whose  rates  differed  considerably  when 
separate,  have  been  known  to  beat  together  when 
fixed  to  the  same  wall. 

Every  one  is  aware  of  the  reinforcement  of 
sound  by  the  resonance  of  cavities.    When  sing- 
ing or  speaking  near  the   aperture  of  a  wide- 
mouthed  vessel,  the  intensity  of  some  one  note 
in  unison  with  the  air  in   the   cavity  is  often 
augmented  to  a  great  degree.     Any  vessel  will 
resound  if  a  body  vibrating   the   natural   note 
of  the  cavity  be  placed  opposite  to  its  orifice, 
and  be  large  enough  to  cover  it;   or,  at  least, 
to  set  a  large  portion  of  the  adjacent  air  in  mo- 
tion.     For  the    sound   will    be    alternately  re- 
flected by  the  bottom  of  the  cavity  and  the  undu- 
lating body  at  its  mouth.    The  first  impulse  of 
the  undulating  substance  will  be  reflected  by  the 
bottom  of  the  cavity,  and  then  by  the  undulating 
body,'  in  time  to  combine  with  the  second  new 
impulse;  this  reinforced  sound  will  also  be  twice 
reflected  in  time  to  conspire  with  the  third  new 
impulse;  and  as  the  same  process  will.be  repeated 
on  every  new  impulse,  each  will  combine  with  all 
its  echos  to  reinforce  the  sound  prodigiously. 

Several  attempts  have  been  made  to  imitate  the 
articulation  of  the  letter^  of  the  alphabet,    ftbonX 


Mi  cmnmLioN  ^9  vam 

Ae  year  ll^d,  IfM.  Kratmuiteki,  of  St  FtUarn^ 
Ivigh,  wad  Kewpeten,  of  Yiemt,  oomtnietdl  ii^ 
fltmmeDto  which  artieiiUted  manjr  leCten,  wi»d% 
aii4  even  «eiitieRoe« ;  Mr.  WiUii,  of  Ckmlvii^ey 

has  recently  adapted  cylindrioal  tuhea  Id  a  ned, 
whoee  length  can  be  varied  at  pleaBioe  by  gliding 
jaints.  Upon  drawiag  out  the  t«£be,  while  %  co-* 
hnra  of  air  from  die  bellowa  of.fm  otgsir  is  paaa* 
lag  through  \%  ^  voweleare  pronotnced  m  'dia 
avder  t, «,  a,  »,  u;  on  extending  the  tid>e^  they  an 
repeated,  after  a  certam  intenwl,  ii|  the  iafwlid 
•rder  u,  ^  a,  e,  i;  after  another  intervfA,  th^  sm 
again  obtained  in  the  (Urect  oider^  aiad  aa  o% 
When  Ihe  pitch  of  the  reed  is  y&ef  high,  it  ia 
nopoeeible  to  sound  some  of  die  vowda,  which  ia 
in  peffeet  covres^ndence  with  the  btHBin  voioa, 
ftnmie  eiageni  being  unable  to  fivtkmmot  u  mad  # 
ia  dwir  high  notes.  From  tlie  singular  d&Moiveiiea 
of  M.  Savait,  on  the  nature  c£  the  hawan  w>ioe« 
aaad  the  inveatigations  of  Mr.  W31is  on  the  ae* 
diMiifln  of  the  lar3Fnx9  it  may  be  pnanBied  tlut 
iMmatfAy  the  ntiteraace  or  proiMBciadoai  ^  m^ 
iem  languages  will  be  eonreyed,  not  enly  to  the 
cye^  bHt  also  to  iht  ear,  of  posteri^.  Had  tiha 
ancients  possessed  the  means  of  tranfiamtttBg  audi 
definite  acmqids,  the  dv^ised  wofld  woaM  sdD 
have  responded  in  sympathedc  noCaa  at  die  dis- 
lanoa  of  himdveda  of  agaa* 
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SECTION   XIX. 

The  action  of  the  atmosphere  on  light  is  not  lesif 
interesting  than  the  theory  of  sound,  for  in  conse-' 
qiKnce  of  the  refractive  power  of  the  air,  no  distant 
ohject  is  seen  in  its  true  position. 

An  the  cdestial  bodies  appear  to  be  more  ele-* 
yated  than  they  really  are,  because  the  rays  of 
light,  instead  of  moving  through  the  atmosphere 
in  straight  lines,  are  continually  inflected  towards 
the  earth.  Light  passing  obliquely  out  of  a  me 
into  a  denser  medium,  as  from  vacuum  into  air^ 
or  from  air  into  water,  is  bent  or  refracted  from 
its  course  towards  a  perpendicular  to  that  point  of 
'fte  denser  surface  where  the  light  enters  it  In 
the  same  medium,  the  sine  of  the  angle  contained 
between  the  incident  ray  and  the  perpendicular 
is  in  a  constant  ratio  to  the  sine  of  the  angle  con- 
tained by  the  refracted  ray  and  the  same  perpen- 
cBcuIar;  but  this  ratio  varies  with  the  refracting^ 
medium.  The  denser  the  medium  the  more  the 
ray  is  bent.  The  barometer  shows  that  the  density 
of  the  atmosphere  decreases  as  the  height  above 
the'earth  increases ;  and  direct  experiments  prove, 
that  the  refractive  power  of  the  air  increases  with 
its  density ;  it  follows,  therefore,  that  if  the  tem- 
perature be  uniform^  the  refractive  po^et  vli  ^^ 

M  2 
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air  is  gpreatest  at  the  earth's  surface  and  dimi- 
nishes upwards. 

A  ray  of  light  from  a  celestial  object  falling 
obliquely  on  this  variable  atmosphere,  instead  of 
being  refracted  at  once  from  its  course,  is  gra- 
dually more  and  more  bent  during  its  passage 
through  it,  so  as  to  move  in  a  vertical  curved  line, 
in  the  same  manner  as  if  the  atmosphere  consisted 
of  an  infinite  number  of  strata  of  .different  densi- 
ties.    The  object  is  seen  in  the  direction  of  a  tan- 
gent to  that  part  of  the  curve  which  meets  the  eye, 
consequently  the  apparent  altitude  of  the  heavenly 
bodies  is  always  greater  than  their  true  altitude. 
Owing  to  this  circumstance,  the  stars  are  seen 
above  the  horizon  after  they  are  set,  and  the  day 
is  lengthened  from  a  part  of  the  sun  being  visible, 
though  he  really  is  behind  the  rotimdity  of  the 
earth.   It  would  be  easy  to  determine  the.  direction 
of  a  ray  of  light  through  the  atmosphere,  if  the 
law  of  the  density  were  known ;  but  as  this  law  is 
perpetually  varying  with  the  temperature,  the  cause 
is  very  complicated.    When  rays  pass  perpendicu- 
larly from  one  medium  into  another,  they  are  not 
bent ;  and  experience  shows,  that  in  the  same  sur- 
face, though  the  sines  of  the  angles  of  incidence 
and  refraction  retain  the  same  ratio,  the  refraction 
increases  with  the  obliquity  of  incidence.  .  Hen«e 
it  appears,  from  what  precedes,  that  the  refraction 
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is  greatest  at  the  horizon,  and  at  the  zenith  there 
IB  none ;  but  it  is  proved  that  at  all  heights  above 
ten  degrees,  refraction  varies  nearly  as  the  tangent 
of  the  angular  distance  of  the  object  from  the 
zenith,  and  wholly  depends  upon  the  heights  of 
the  barometer  and  thermometer ;  for  the  quantity 
of  refraction  at  the  same  distance  from  the  zenith 
varies  nearly  as  the  height  of  the  barometer,  the 
temperature  being  constant ;  and  the  effect  of  the 
variation  of  temperature  is  to  diminish  the  quan- 
tity of  refraction  by  about  its  480th  part  for  every 
degree  in  the  rise  of  Fahrenheit's  thermometer. 
Not' much  reliance  can  be  placed  on  celestial 
observations  within  less  than  ten  or  twelve  degrees 
of  the  horizon,  on  accoimt  of  irregular  variations 
in  the  density  of  the  air  near  the  surface  of  the 
earth,  which  are  sometimes  the   cause  of  very 
singular  phenomena.  The  humidity  of  the  air  pro- 
duces no  sensible  effect  on  its  refractive  power.  ■ 

Bodies,  whether  luminous  or  not,  are  only 
visible  by  the  rays  which  proceed  from  them ;  and 
as  the  rays  must  pass  through  strata  of  different 
densities  in  coming  to  us,  it  follows  that,  with  the 
exception  of  stars  in  the  zenith,  no  object  either  in  or 
beyond  our  atmosphere  is  seen  in  its  true  place ;  but 
the  deviation  is  so  small  in  ordinary  cases,  that  it 
causes  no  inconvenience,  though  in  astronomical 
and  trigonometrical  observations  a  due  allowance 
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msurt  be  made  for  the  effects  of  TeftactLon.  Dr. 
Bndley's  tables  of  refiractioxi  weie.  foxned  by  ob- 
•erving  tbe  zenith  distances  of  the  sun  at  bis 
gieatest  declinations,  and  the  zenith  distances  rf 
the  pole-star  above  and  belorw  the  pole;  tbe  snini 
of  these  four  quantities  is  equal  to  ISO^^dimiiUBhed 
by  the  sum  of  the  four  refractions  ;  whenee  tbe  sum 
of  the  four  refractions  was  obtained;  and  finm 
the  law  of  the  variation  of  refractum  determinei 
fay  theory,  he  assigned  the  quantity  due  to  each 
altitude.  The  mean  horizontal  refraction  ia  about 
35'  6''^  and  at  the  height  of  forty-five  deg^rees  it  is 
5g''*36.  The  effect  of  refraction  upon  the  same 
atar  above  and  below  the  pole  was  noticed  by 
AlhazeUi  a  Saracen  astronomer  of  Spain^  in  the 
ninth  century;  but  its  existence  was  known  to 
Ptolemy  in  the  second^  though  he  was  ignoraat  of 
ita  quantity. 

The  refraction  of  a  terrestrial  object  is  esti- 
mated differently  from  that  of  a  celestial  body;  it 
is  measured  by  the  angle  contained  between  the 
tangient  to  the  curvilineal  path  of  the  ray,  where 
it  meets  the  eye,  and  the  straight  line  joinmg  the 
eye  and  the  object.  Near  the  earth's  sur&ce  the 
path  of  the  ray  may  be  supposed  to  be  circular; 
and  the  angle  of  this  path  between  tangents  at  the 
two  extremities  of  this  arc  is  called  the  honzontsl 
angle.  The  quantity  of  terrestrial  refraction  is  ob- 
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Itened  by  aMasuitig  oontempMrauMouily  Uk  elcvir 
Akn  of  tbfe  ttf  of  m  momitam  mbore  m  point  iafthe 
pimin  «t  ite  boio,  sod  llie  deprmnon  of  tbftl  pdnft 
JrIov  tko  top  of  the  nMNintein.  The  diotuioeli^ 
twocnlhooetwootfttionouitlK  duxnlof  tholioiiio»- 
Itl  aafk;  and  it  i»  oasy  to  pfove  ttiat  doubk  tk^ 
lofinMBtaoa  io  equal  to  the  horiaontal  aagk,  din^ 
afahod  by  tfao  diflerence  between  tlie  Btffmnal 
davataon  and  tlie  appacent  depreaiion.  Wlieaaa 
it  appoara  tibat^  in  the  mean  atate  of  the  atni»> 
iphere^  the  lefraction  ia  about  the  fourteenth  pai^t 
flf  the  hofizontal  angle. 

.  Somi  teiy  amgular  appearancea  occur  firon  thf 
aeeidaital  expaneiaA  or  condenaation  of  the  atiala 
pS  the  ataoephere  contiguoua  to  the  aur&ce  of  the 
eerthy  by  which  diatant  o^ectsi  instead  of  beiaf 
^kvaled,  aie  depreaeed;  and  lonietiBdeay  being  a^ 
ance  bath  elevated  and  deprewed^  they  appear 
dnuUa^  one  of  the  imagei  being  diiect^  and  the 
9lhai  imported.  In  comequenee  of  the  upper  edgw 
tfihft  autt  and  moon  being  leia  refracted  than  the 
Jewer^  they  often  appear  to  be  oval  when  near  the 
\m2mL  The  looming  aLw,  or  eletaticMi  of  coalti^ 
aawaBtiiim  and  ehipa,  when  viewed  acroas  the  eea^ 
luriaaa  from  unusual  refraction.  A  friend  of  the 
Wthofa^  on  the  plaine  of  Hindoatan,  taw  ih^ 
ivhele  u|^r  chain  of  the  Himalaya  mouotaiaa 
atart  into  view,  from  a  sudden  change  in  the 
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nty  of  the  air,  occasioned  by  a  heavy  shower  after 
a  veiy  long  course  of  dry  and  hot  weather.'  Single 
and. double  images  of  objects  at  sea,  arising. from 
audden  changes  of  temperature,  which  are  not  so 
aoon  communicated  to  the  water  on  account  of 
its  density  as  to  the  air,  occur  more  lardy,  and 
tOe  of  shorter  duration  than  similar  appearances 
on  land.  In  1818,  Captain  Scoresby,  whose  ob- 
servations on  the  phenomena  of  the  polar  seas  are 
80  valuable,  recognised  his  father's  ship  by  its  in- 
verted image  in  the  air,  although  the  vessel  itself 
was  below  the  horizon.  He  afterwards  found  that 
ahe  was  seventeen  miles  beyond  the  horizon,  and 
thirty  miles  distant.  Two  images  are  sometimes 
seen  suspended  in  the  air  over  a  ship,  one  direct 
and  the  other  inverted,  with  their  topmasts  or 
their  huUs  meeting,  according  as  the  inverted 
image  is  above  or  below  the  direct  image.  Dr. 
Wollaston  has  proved  that  these  appearances  are 
owing  to  the  refraction  of  the  rays  through  media 
cf  different  densities,  by  the  very  simple  experi- 
ment of  looking  along  a  red  hot  poker  at  a  distant 
object.  Two  images  are  seen,  one  direct  and 
another  inverted,  in  consequence  of  the  change 
induced  by  the  heat  in  the  density  of  the  adjacent 
air.  He  produced  the  same  effect  by  a  saline  or 
saccharine  solution  with  water  and  spirit  of  wine 
floating  upon  it. 
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'  Many  of  the  phenomena  that  have  been  ascribed 
to  extraordinary  refraction  seem  to  be  occasioned 
by  a  partial  or  total  reflection  of  the  rays  of  light 
at  the  surfaces  of  strata  of  different  densities.  It 
is  well  known  that  when  light  falls  obliquely  upon 
the  external  surface  of  a  transparent  medium,  as 
on  a  plate  of  glass,  or  stratum  of  air,  one  portion 
is  reflected  and  the  other  transmitted,  but  when 
light  falls  very  obliquely  upon  the  internal  sur- 
fitce,  the  whole  is  reflected  and  not  a  niy  is  trans- 
nntted ;  in  all  cases  the  angles  made  by  the  inci- 
dent and  reflected  rays  with  a  perpendicular  to 
the  mihce  being  equal.  As  the  brightness  of  the 
reflected  image  depends  on  the  qui&ntity  of  l%hty 
those  arising  from  total  reflection  must  be  by  flir 
the  most  vivid.  The  delusive  appearand  of  water, 
10  well  kiiown  to  African  travellers,  and  to  the 
Arab  of  the  desert,  as  the  Liake  of  the  GazeUes, 
is  ascribed  to  the  reflection  which  takes  place 
between  strata  of  air  of  different  densities,  owing 
to  radiation  of  heat  from  the  arid  sandy  plains. 
The  mirage  described  by  Captain  Mundy,  in  his 
Journal  of  a  Tour  in  India,  probably  arises  from 
lliisv  cause.  .^  A  deep  precipitous  valley  below  us, 
at  the  bottom  of  which  I  had  seen  one  or  two 
miserable  villages  in  the  morning,  bore  in  the 
evening  a  complete  resemblance  to  a  beautiful 
lake;  the  vapour,  which  played. the  part  of  watsk^ 
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MCending  neuly  half  waj  iqp  the  rite  ol  the 
vaky  and  on  its  bri^^  tmrfaca  trtea  and  ndn 
bang  distmctlj  leflected.  I  had  not  bten  kot 
CDntemplating  the  phenomenally  beHsit  a. sudden 
stonn  came  on  and  dropped  a  curtaai  of  tAondJI 
erer  the  eeene.' 

Aak  oeciirrence  which  hajypened  on  the  18th  of 
NovemhtTylSCHy  was  piobablj  produced  hy  nflet* 
tm.  Dr.  Buchan,  while  watching  the  nfng  wm 
horn  the  cliff  about  a  mile  to  the  eaat  of  BrighMK^ 
at  the  instant  the  solar  disc  emerged  from  the  mat* 
lace  of  the  ocean^  saw  the  clifT  on  which  he  was 
standing,  a  windHosill,  his  own  fignie  and  that  of 
a  firiendi  depicted  imonediately  opposite  to  Ina  on 
ihe  sea.  Thn  appearance  lasted  aboai  ten  ndf 
mitcs,  till  the  son  had  risen  nearly  his  mm  dia* 
sseter  above  the  surface  of  the  waves*.  Hhe  wMe 
Aon  seemed  to  be  elevated  into  the  air  and  siitf^ 
oessively  voniihed.  The  rays  of  l^e  sim  MUk  npod 
the  cliff  at  an  incidence  of  IdP  from  the  p0rfeii<- 
dicuhtry  and  the  sea  was  covered  with  a  dense  fog 
asany  yards  in  height,  which  gradually  mceded 
before  the  rising  sun.  When  e:ittraordiitary  re- 
fraction takes  place  laterally,  the  strata  ei  irariaUe 
density  axe  perpendiciilar  to  the  horizon,  and  when 
it  18  combined  with  vertical  refraetaon,  the  objects 
sane  magnified  as  if  sens  through  a  telescope 
Vsom  this  cause,  on  the  36th  of  Jidy«  1198^  Ae 
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di£b  of  Fftnce,  fifty  miles  off,  were  seen  ts 
Imetly  from  Htstings  as  if  they  had  been  dose 
at  hand,  aad  evea  Dieppe  was  said  to  hate  bcea 
vnftkin  the  afternoon. 

Tke  fltialimi  of  air  in  tke  horizon  is  sa  mn^ 
ifakker  and  n^ie  dense  than  the  stratum  in  tiie 
wnical,  that  the  son's  li^  is  dimmished  1300 
time*  in  passing  thsough  it,  whidi  enables  us  to 
kdc  at  him  when  setting  without  being  daasldL 
3te  loss  of  light,  and  consequently  of  heat^  hf 
the  absocbing  power  of  the  atmotptkutf.  inoreaMs 
with  the  obliquity  of  incidence.  Of  ten  thousand 
rays  falling  on  its  surface,  8123  arrive  at  a  given 
point  of  the  earth  if  they  fall  perpendicularly; 
7024  arrive  if  the  angle  of  direction  be  fifty  de- 
grees ;  !2831  if  it  be  seven  degieea;  and  only  fiivv 
ta|ft  w31  arme  throng  a  horizootai  stratuiu 
fiBace  so  great  a  quantity  of  h^  is  lost  in  pMSr 
ittg-  throngh  the  atmosj^ere,  mai^  celesftid  olgwto 
may  be  aiktagether  invisibk  fron  the  pkin,  which 
may  be  seen  from  devaited  situations.  Dinunished 
qptosdo—  and  the  fiilae  eatimate  we  aalce  of  dis- 
tance firom  the  nnimher  of  inlervcniag  ol^acl^ 
Jead  as  to  snppoee  the  sun  and  moon  t»  be  nuich 
luger  when  in  the  hoxieon  than  at  any  oAhfsr 
altilnde^  tfaou^  thdor  apparent  dianetcxs  are  than 
junewhat  less.  Instead  of  the  suddcaEi  txanaitiaaa 
4]f  %ht  and  darkaesi^  tha  n^eotiva  pa««r  ofthe 
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air  adonis  nature  with  the  rosy  and  golden  hues 
of  the  AurorH,  and  twilight.  Even  when  the  sun  is 
eighleen  degrees  below  the  horizon,  a  suffieienl 
portion  of  light  remains  to  ahow  ihatj  at  the  height 
of  thirty  miles,  it  is  stiJl  dense  enough  to  reflect 
light.  The  iLtmoEphere  ecattera  the  sun's  rays, 
and  gives  all  t!ie  beautiful  tint*  and  cheerfulneBS 
of  day.  It  transmits  the  blue  light  in  greatest 
abundance;  the  higher  we  ascend,  the  sky  as- 
sumes a  deeper  hue,  hut  in  the  expanse  of  space, 
the  Buii  and  stars  nnist  appear  like  hrilliBnt  specks 
in  profuitud  blackness. 

SECTION   XX. 

It  is  impossible  thus  to  trace  the  path  of  a  sun- 
beam through  our  atmosphere  without  feeling  a 
desire  to  know  its  nature,  by  what  power  it  tra- 
verses the  immeneity  of  space,  and  the  variou* 
motlifications  it  undergoes  at  the  surfaces  and  the 
interior  of  tcrrestrinl  substances. 

Sir  Isaac  Newton  proved  the  compoimd  naiure 
of  white  light,  us  eniitlcd  from  the  sun,  by  pnsa- 
ing  a  sunbeam  through  a  glass  prism,  which, 
sejiarating  the  rays  by  refraction,  formed  a  spec- 
r  oblong  image  of  the  sun,  consietiug  of 
seven  colours,  red,  orftnge,  yellow,  green,  blue, 
indigo,  and  violet;  of  which  the  red  ia  the  leaM 
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refrangible,  and  the  violet  the  moit;  but  when 
he  reunited  these  seven  rays  by  means  of  a  lens, 
the  compound  beam  became  pure  white  as  before. 
He  insuliated  each  coloured  ray,  and  finding  that 
it  was  no  longer  capable  of  decomposition  by  re- 
fraction, concluded  that  white  light  consists  of 
seven  kinds  of  homogeneous  light,  and  that  to  the 
same  colour  the  same  refrangibility  ever  belongs, 
and  to  the  same  refrangibility  the  same  colour. 
Since  the  discovery  of  absorbent  media,  however, 
it  appears  that  this  is  not  the  constitution  of  tlie 
solar  spectrum. 

We  know  of  no  substance  that  is  either  per- 
fectly opaque  or  perfectly  transparent;  for  even 
gold  may  be  beaten  so  thin  as  to  be  pervious  to 
light ;  and,  on  the  contrary,  the  clearest  crystal, 
the  purest  air  or  water,  stop  or  absorb  its  rays 
when  transmitted,  and  gradually  extinguish  them 
as  they  penetrate  to  greater  depths.  On  this 
account,  objects  cannot  be  seen  at  the  bottom  of 
very,  deep  water,  and  many  more  stars  are  visible 
to  the  naked  eye  from  the  tops  of  mountains  than 
from  the  valleys.  The  quantity  of  light  that  is 
incident  on  any  transparent  substance  is  always 
greater  than  the  sum  of  the  reflected  and  refracted 
rays.  A  small  quantity  is  irregularly  reflected  in 
all  directions  by  the  imperfections  of  the  polish 
by  which  we  are  enabled  to  see  the  sux&c&v  ^>^^* 
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a  fiixick  greater  portion  is  abaorbed  by  iSbt  body* 
Bodies  that  reflect  all  tbe  rays  appear  ivkxte; 
those  tihat  absorb  them  all  seem  blade;  bat  moat 
aabstaiices,  after  decomposing  the  iHiite  light 
ivhich  ftlla  upon  them,  lefleot  aonie  ooloora  andi 
absorb  tlie  rest  A  violet  vefleeta  the  ^okt  mji 
alone,  and  absorbs  die  others ;  scarlet  clo<ih  atnimfti 
almost  all  the  colours  except  redj.y^low  ihdi 
reflects  the  yellow  rays  most  abundantly,  and  bhio 
cloth  those  that  are  \Avtt ;  consequently  cokmr  ia 
not  a  property  of  matter,  but  arises  firant  ^bt 
action  of  matter  upon  light.  Thus  a  whiM  ribbon- 
reflects  all  the  rays,  but  when  dyed  red^  iha  par- 
taeles  of  the  silk  acquire  the  property  of  refleetiag 
the  red  rays  most  abundantly  and  of  abseMrbmg' 
tlie  others.  Upon  this  property  of  thieqaal 
absorption,  the  colours  of  transparent ,  me^Ba  de- 
pend ;  for  they  also  receive  their  colour  flxnti  ^heir 
power  of  stopping  or  absorbing  some  of  tiie  odounf 
of  white  light  and  transmitting  others;  as,  ftr 
example,  black  and  red  ink,  though  cxpiafiy  En^ 
mogeneous,  absorb  different  kinds  of  rays;  and 
when  exposed  to  the  sun,  they  become  heated  m 
£flerent  degrees,  while  pure  water  seems  to  trana^ 
mit  all  rays  equally,  and  is  not  sensibly  heated  by 
the  passmg  light  of  the  sun.  The  rich  dark  light 
tramimitled  by  a  smah-blue  finger-glass  is  not  a* 
homogeneofos  colour,  ISse  ibt  biue  or  indigo  of  the 


specftram,  but  ii  a  mixture  of  M  €he  col<nm  6f 
uliAle  ligjlrt  wUcik  the  glan  ba«  not  abfodied;  and 
lB0  odovB  avaoTOM  tsn  flueh  as^  nnxed  witn  the 
IStte  tint,  wooid  form  wMte  light.     When  the 
BpctUtan  of  eeten  colonrs  is  vieired  through  a 
Ihin  |ilate  of  duo  gliuw,  they  are  all  vnible;  and 
whoR  the  ^te  is  yety  thick,  erory  ooloiir  ii 
a^aatbidl  hot  ween  the  extreme  red  and  the  ex- 
iRBie  loolet,  the  interval  being  perfectly  blade. 
But  if  die  opecinim  be  Tiewed  through  a  certua 
dridmeiw  of  the  glass  intennediate  between  the 
two,  it  w31  be  fonnd  that  the  middle  of  the  red 
apace,  the  whole  of  the  orange,  a  great  part  of  die 
gnen,  a  oonsiderabk  part  of  die  blue,  a  Htde  of 
the  ind%o,  and  a  very  little  of  the  violet,  vaaidh, 
being  absoihed  by  the  blue  glass;  and  diat  die 
jfSkm  nys  occnpy  a  larger  space,  covering  part 
9i-  dMt  ionnerly  occupied  by  the  orange  on  one 
sidfe,  and  by  the  green  on  die  odier;  so  that  the 
bhM  fjimm.  absorbs  die  red  Mgfat,  whocii,  when 
wtdi  the  yellow,  constitutes  orange;  and 
ahoaxbs  the  blue  light,  which  when  mixed 
the  yellow  ferms  the  pevt  of  the  gieea 
spaee  next  to  the  ydkiw.    Hence,  by  absorpdon, 
gssen  li|^  is  decompoaed  into  yelhiw  and  bloe^ 
and  ofnnge  light  into  yellow  and  nd.     Cottse» 
faswdgp  die  eraage  and  green  layi^  though  inca«* 
pftUe  of  decoiwpoiilisn   by  ytftwedtn^  ean  be 
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Teflolved  by  absorption,  and  actually  ctauaBt  of 
two  different  colours  possessing  the 'same  d^pne 
of  refrangibility.  Difference  of  colour,  therefore, 
is  not  a  test  of  difference  of  refrangibility,  and  the 
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conclusion  deduced  by  Newton  is  no  longer  ad- 
missible as  a  general  truth.    By  this  analysis  of 
the  spectrum,  not  only  with  blue  glass  but.  with  a 
variety  of  coloured  media,  Sir  David  Brewster,  so 
justly  celebrated  for  his  optical  discoveries,-,  has 
proved,  that  the  solar  spectrum  consists  of  .three 
primary  colours,  red,  yellow,  and  .blue,  each  of 
which  exists  throughout  its  whole  extent,  but  with 
difierent  degrees  of  intensity  in  different  parts; 
and  that  the  superposition  of  these  three  produces 
all  the  seven  hues  according  as  each  primary  colour 
is  in  excess  or  defect.     Since  a  certain  portion  of 
red,  yellow,  and  blue  rays  constitute  white  light, 
the  colour  of  any  point  of  the  spectrum  may  be 
considered  as  consisting  of  the  predominating  co- 
lour at  that  point  mixed  with  white  light;  Conse- 
co uently,  by  absorbing  the  excess  of  any  colour  at 
any  point  of  the  spectrum  above  what  is  necessary 
to  form  white  light,  such  white  light  will/appear 
at  that  point  as  never  mortal  eye  looked  upon 
before  this  experiment,  since  it  possesses  the  re- 
markable ,  property  of  remaining  the  same  after 
any  number  of  refractions,  and  of  being  capable 
of  decomposition  by  absorption  alone.  .    . 
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'  When  the  priim  is  very  perfect  and  the  eun- 
heam  smally  bo  that  the  spectrum  may  be  received 
on  a  sheet  of  white  paper  in  its  utmost  state  of 
purity,  it  presents  the  appearance  of  a  riband 
shaded  with  all  the  prismatic  colours,  having  its 
breadth  irregularly  striped  or  subdivided  by  an 
indefinite  number  of  dark  and  sometimes  blacic 
lines.  .The  greater  number  of  these  rayless  lines 
are  so  extremely  narrow  that  it  is  impossible  to 
see  them  in  ordinary  circumstances.  The  best 
method  is  to  receive  the  spectrum  on  the  object- 
glass  of  a  telescope,  so  as.  to  magnify  them  suffi- 
ciently to  render  them  visible.  This  experiment 
may  also  be  made,  but  in  an  imperfect  manner, 
by  viewing  a  narrow  slit  between  two  nearly-closed 
window-shutters  through  a  very  excellent  glass 
prism  held  close  to  the  eye,  with  its  refracting 
angle  parallel  to  the  line  of  light.  When  the 
spectrum  is  fi>rnied  by  the  sun's  rays,  either  direct 
or  indirect^ — as  from  the  sky,  clouds,  rainbow, 
moon,,  or  jdanets, — the  black  bands  are  always 
found  to  be  in  the  same  parts  of  the  spectrum, 
and  under  all  circumstances  to  maintain  the  same 
relative  positions,  breadths,  and  intensities.  Simi- 
lar dark  lines  are  also  seen  in  the  light  of  the 
stars,  in  the  electric  light,  and  in  the  flame  of 
combustible  substances,  though  differently  ar- 
ranged, each  star  and  each  flame  having  a  system 
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p£  dark  lineB> peculiar  to  itaeilf,.'wiiichj  ruMini^the 
aame  uiukr  eveiy  cirouBiBtenooj    BtiiWDUMtmi 
and  Fraunhofcr  of  Munich  diaoo¥end  tfacsa  Bum 
deficient  of  rays  indeipeiidently.  of  eadi  otlien 
Eiaunhofer  found  that  their  number'  eastendi^  to 
nearly  six  hundred.    From  tfaeae;  be  Beteotodlacmn 
of.  the  most  remarkable,,  and  datoxmined'  diebr 
diatancea  so  accurately,  that  they,  now  fioim  steid^ 
ard  and  invariable,  points  of  re&ifinoer;fiir  meaaia> 
ii^  the  refractive  pawera  of  dififemit  medifcon  tibe 
raya.  of  lights  which  renders  thia  depaartmeot  of 
optica  aa  exact  as  any,  of  the  phyaicali  aoenoea; 
l]he  rays  that  are  wanting  iuithejaolar  sfieetnun^ 
which  occasion  the  dark  lines^.afra  possiUly  sib* 
aorbed  by  the.  aftmoaphere  of.  the  sun..    If:  tfaej 
were  absorbed  byithe  earth!s  atmoBftee^tiie-vepf 
same  rays  would  be.  wanting  in  Iha-  Bpecfa»,fa»m. 
tl» light  of  the  fixedstars,  which iiF>nikt.tfae.can^ 
for  it  has  already,  been  stated  thatithe  pmirimi  of 
tha  dark  lines  is  not  the  same  in-  8pectm>  from 
i^rlight.  and  from  tbe  li^t  of  thfcsnn.     The 
ssAax  rays  reflected)  from,  the  nKum  asidi  planets 
would  most  likely  be.  modified  alaotbly.thear.atmar 
s|»hefeB,but they  axe  noty— for: the  dadCvlinesk have 
firecisely  the  same,  positiana  in.the  spectm^  firon 
the.direct  and  reflected  light  of  the  sun. 

A,  perfectly  homoganeoua  colour,  is:  veecy  ranaly 
tp  be  fi^und,  but  tfas  tints  ofaULaubatanaev  aie 
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wumt  bnUiant  i^ktOk  viewed  itt  lig^  <tf  tiieif  (MPH 
«iikiir«  Tke  red  af a  wafet  k  muek moie  vuridm 
sad  Uiaa  in  while  liglit;  whereat)  if  pkEUsed  is 
hoaaogeneOTUi  jeUow  light,  it  caa  no  fonger  apftM 
lid^  became  these  ia  not  a  tay  of  red  in  the  yelleMr 
li^jt  and  woe  it  not  that  the  wafbr,^  lito  dl 
othetr  hodieii.  whether  eokrared  or  not,  reflwia 
wiiite  lig^t  at  ita  outer  anrfaee,  it  wmiUb  apfear 
jAMalttltely  blade  when  placed  in  yellow  light. 

Mbut  looking  ateadiiy  for  a  short  tine  at  a 
aidoundi  abject,  such  as  a  red  wafer,  otttomiHg 
the  €fm  ta-  a  white  aabetance,  a  green  image  of 
the  imafaf  wiU  aqppear,  which  ia  called  the  aoei^ 
ebntalcoknrofTed.  All  tintahaviB  their  aeckfenCid 
«aloHri>:**-linia  the  aecidental  cokrar  of  orange  ia 
biset;  that^  of  yellow  it  in^go;  of  green,  redfiaft-^ 
.frinta;  o#' blue,  oraKge<-red;  of  yiolet,  yellow; 
and  of  white,  black ;  and  tine  versA:  When  tie 
iiwot  and^  accidental  colonrt  are  of  the  eame  itt» 
tentttg^  Ae-  accidental  is  then  caHed'  the  comjAe* 
amtaiy  oeloitt>  beeause  any  two  coltmn-  are  said 
ti'brcoBaplflnientaryto  one  another  which  prochcfe 
wiiileiidian  combined. 

Redent  eipenmenta  by  Flatean  of  Blntssela 
prove  that  direct  and  accidental  eoloarr  ^BfKf 
essentially.  From  these  it  appears  that  two  com- 
plementary colours  from  direct  impression,  which 
would  produce  white  when  combined,   produce 
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black,  or  ezth^uish  one  another  by  tbeir  union, 
when  accidental ;  and  also  that  the  combination 
of  all  the  tints  of  the*  solar  spectrum  produces 
white  light  if  they  be  from  a  direct  impression  on 
the  eye,  whereas  blackness  results  from  a  union 
of  the  same  tmts  if  they  be  accidental.  M.  Pla- 
teau attributes  the  phenomena  of  accidental  colours 
to  a  reaction  of  the  retina  after  being  excited  by 
direct  vision.  When  the  image  of  an  object  is 
impressed  on  the  retina  only  for  a  few  moments, 
the  picture  left  is  exactly  of  the  same  colour  with 
the  object,  but  in  an  extremely  short  time  the 
picture  is  succeeded  by  the  accidental  image.  .  If 
the  prevailing  impression  be  a  very  strong  white 
light,  its  accidental  image  is  not  black,  but  a  va- 
riety of  colours  in  succession.  With  a  little  atten- 
tion it  will  generally  be  found  that,  whenever  the 
eye  is  afiEbcte<d  by  one  prevailing  colour,  it  sees  at 
the  same  time  the  accidental  colour,  in  the  same 
manner  as  in  music  the  ear  is  sensible  at  once  to 
the  fundamental  note  and  its  harmonic  sounds. 
The  imagination  has  a  powerful  influence  on  our 
optical  impressions,  and  has.  been  known  to  revive 
the  images  of  highly  luminous  objects  months  and 
even  years  afterwards. 
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SECTION  XXI. 

Nbwton  and  most  of  his  immediate  saccesaors 
imagined  light  to  be  a  material  substance  emitted 
by  all  self-lmninous  bodies  in  extremely  minute 
particles,  moving  in  straight  lines  with  prodigious 
velocity,  which,  by  impinging  upon  the  optic 
nerves,  produce  the  sensation  of  light.  Many  of 
the  observed  phenomena  have  been  successfully 
explained  by  this  theory;  it  seems,  however, 
totally  inadequate  to  account  for  the  following 
circumstances.  • 

When  two  equal  rays  of  red  light,  proceeding 
from  two  luminous  points,  fall  upon  a  sheet  of 
white  paper  in  a  dark  room,  they  will  produce  a 
red  spot  on  it,  which  will  be  twice  as  bright  as 
either  ray  would  produce  singly,  provided  th& 
difference  in  the  lengths  of  the  two  beams,  from 
the  luminous  points  to  the  red  spot  on  the  paper,. 
be  exactly  the  0*  0000258th  part  of  an  inch.  The 
same  effect  will  take  place  if  the  difference  in 
their  lengths  be  twice,  three  times,  four  times, 
&c.,  that  quantity.  But  if  the  difference  in  the 
lengths  of  the  two  rays  be  equal  to  one-half  of  the 
0*  0000258th  part  of  an  inch,  or  to  its  1^^,  2^^,  S)^, 
&c.  part,  the  one  light  will  entirely  extinguish  the 
othfSTf  and  will  produce  abaolute  darkness  on  the 
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pqper  where  the  united  heams  fiill.  If  the  differ- 
ence in  the  lengths  ui  their  pdhs  be  equal  to  the 
H>  2j^>  Hj  &c-  of  the  0*  0000258th  part  of  an 
nchy  iht  red  apot  ariamg  frem  the  comiiiiied 
beama  unSl  be  of  the  aame  intenaitj  irhftdbi  one 
alooe  would  produce.  If  riolet  ligfat  he  employdl, 
iSat  difference  in  the  lengths  of  l9ie  two  beama 
mait  be  equal  to  theO'OOOOlS^thpart  of  an  indiy 
In  order  to  produce  the  aame  pl^nomena;  and 
Ibr  ihe  other  colours  the  difierenoe  must  be  inter- 
mediate between  the  0*00002S8th  acnd  die 
0*<MKK)lS7lh  part  of  an  inch.  Similar  pbeno- 
mena  may  be  seen  by  viewing  the  flme  of  m 
cmdle  through  two  very  fine  ifHta  in  a  card  ex- 
tieraely  near  to  one  another;  or  by  aAnitting  (he 
flon'fl  light  into  a  dailc  room  through  a,  pin-hole 
about  the  fortieth  of  an  inch  in  diameter,  aand 
receiving  the  image  on  a  sheet  of  white  paper. 
When  a  slender  wire  is  held  in  the  Bght,  its 
shadow  consists  of  a  bri^t  white  bar  or  stripe  in 
the  middle,  with  a  aeries  of  alternate  blaek  and 
btighdy  coloured  stripes  on  each  side.  The  raya 
-which  bend  round  the  wire  in  two  streams  are  of 
equal  lengths  in  the  middle  stripe;  it  is  conse- 
quently douWy  bri^t  from  their  combined  efiect ; 
but  the  rays  which  fall  on  the  paper  on  each  side 
tf  the  bright  stripe,  being  of  such  unequal  lenglha 
aa  to  destroy  one  another,  form  black  lines.    On 
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odtskwde  of  theie  black  lines  tbe  Tays  ue  again 
of  Mudi  Jengiha  ai  to  combine  to  form  bright 
fltt^pea,  iiiid«o  oa  altenwiely,  ^till  the  light  is  too 
£uBt  to  be  Tiaibk.    When  any  homogeneoua  light 
is  imtdy  .such  as  red,  the  alternations  are  only 
bikadL  tnd  tbcL;   but  on  account  of  the  heteroge*- 
neoMnatve  of  white  light,  the  black  lines  alter* 
nale  ivith  vivid  stripes  or  fringes  of  ^prismalie 
cdbnii,  anaiDg  from  the  superposition  of  systemt' 
of  alteraale  black  lines  and  lines  of  each  honUK 
geriMOB  «okn]s.     That  the  alternation  ^f  tikck 
lioee  «m1  celoured  fringes  actually  does  arise  from 
d»«U9Btiire  «f  the  two  streams  of  light  winch  flow 
nmnd  the  wire,  is  inroved  by  their  vanisluDg  ihfr 
iimlmit'one  of  the  streams  is  iatenupted.    It  wy 
Atttfow  >be  oencludedy  as  often  as  (these  9tnpe%  ^ 
ligbt  ^aad  darkness  occur,  that  t^ey  are  owing  to-' 
At  iajavamUiEing  at  certain  inlervals  to  pvedooe^ 
a  foint  eflEbet,  "and  at  others  to  extinguish  «ne 
wmAMK^    Now  it  is  centrary  to  all  oar  ideas  ^ 
xaatlor  to  auppose  that  two  particles  of  it  shoitfUL 
mmAQtmt  >oiie  anothor  under  «ny  orcumstanoei^ 
whatever;  while,  on  the  oootarary,  it  is  impoMible^ 
iMt  tote  cIvadK  with  ^  fiepfeot  nmilarity  between 
ilK  JUtoiisieMccs  of  soiall  undulations  «f  mt  anA 
mfter  aad  tbe  {mccding  fdienomena.    The  ma^' 
l^gyik  ndfloi  «6  perfect,  tbtt  piiitos«^bei«  of  iba^ 
laijheat  aBAoniky  cwncor  ia  tlK  lappqeitfcNi  ttMd 
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the  celestial  regions  are  filled  with  an  extremely; 
rare,  imponderable^  and  highly  elastic  medium  or 
ether,  whose  particles  are  capable  of  receiying  the: 
vibrations  commmiicated  to  them  by  self-lmmnous^ 
bodies,  and  of  transmitting  them  to  the  optic  ^ 
nerves,  so  as  to  produce  the  sensation  of  lighlL 
The  acceleration  in  the  mean  motion  of  Encke's: 
«omet  renders  the  existence  of  such,  a  medium - 
.almost  certain.   It  is  clear  that,  in  this  hypothesis, 
the  alternate  stripes  of  light  and  darkness  are 
entirely  the  efiect  of  the  interference  of  the  undu-. 
lations;  for,  by  actual  measurement,  the  length  of 
a  wave  of  the  mean  red  rays  of  the  solar  spectrum- 
is  equal  to  the  0*  0000258th  part  of  an  inch ;  con--  * 
sequently,  when  the  elevation  of  the  waves  combine, 
"they  produce  double  the  intensity  of  light  that 
•each  would  do  singly;    and  when  half  a  wave^ 
combines  with  a  whole, — ^that  is,  when  tiie  hollow- 
of  one  wave  is  filled  up  by  the  elevation  of  ni- 
other,   darkness  is  the  result.    At  intermediate 
points  between  these  extremes,  the  intensity  of 
the  light  corresponds  to  intermediate  differences 
in  the  lengths  of  the  rays. 

The  theory  of  interferences  is  a  particular,  case 
of  the  jgeneral  mechanical  law  of  the  superposition  * 
of  small  motions ;   whence  it  appears  that  -  the 
disturbance  of  a  particle  of  an  elastic  medium, 
]^ro4uc^  hj  p^Q  coexistent  undulations,  is  tl|&- 
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Bom  of  the  disturbances  which  each  undiilation 
would  produce  separately ;   consequently  the  par- , 
tide  will  move  in  the  diagonal  of  a  parallelogram, 
whose  sides  are  the  two  undidations.    If,  there- 
fore, the  two  undulations  agree  in  direction,  or 
nearly  so,  the  resulting  motion  will  be  very  nearly . 
equal  to  their  sum,  and  in  the  same  direction :  if. 
they,  nearly  oppose  one  another,  the  resulting  mo- . 
tion  will  be  nearly  equal  to  their  di£fesence;  and. 
if  the  imdulations  be  equal   and  opposite,  the. 
resultant  will  be  zero,  and  the  particle  will  remain 
at  rest. 

The  preceding  experiments,  and  the  inferences 
deduced  from  them,  which  have  led  to  the  esta- 
blishment of  the  doctrine  of  the  undulations  of 
light,   are  the  most  splendid  memorials  of  our« 
illustrious  countryman  Dr.  Thomas  Young,  though  > 
Huygens  was  the  first  to  originate  the  idea. 

It  is  supposed  that  the  particles  of  luminous, 
bodies  are  in  a  state  of  perpetual  agitation,  and 
that  they  possess  the  property  of  exciting  regular 
vibrations  in  the  ethereal  medium,  corresponding 
to  the  vibrations  of  their  own  molecules ;  and  that, . 
on  account  of  its  elastic  nature,  one  particle  of 
tiie  ether,  wh^n  set  in  motion,  communicates  its. 
vftrations  to  those  adjacent,  which  in  succession , 
transmit  them  to  those  farther  off,  so  that ,  t^ , 
pviinitiye.  impulse  is  ^raqsferred  from  piprtii^.to. 


pntiele^  «nd-ibe  imdiilatiiig  motiofn  dctftB  ibrough 
ether  Ifite  a^wsre  in  -witter.  Al^dogeh  #ie  yt^ 
gNMnve  metiea  ef  light  is  Ictiowii  ^by  expemnce  !<► 
be  unifarm,  -and  in  a  strai^t  line,  the  ^nflnrflStioae 
df  tbe  ]^artideB  me  ailwa^  at  vight  ftng:leB  to  Hk 
dinctien  of  the  vay.  The  propagation  >of  *M^t  t» 
Uke  tlie  ^qireading  of  wayee  in  water;  bat  if  eiie 
ray  alene  be  considered,  its  motion  mu^  be  con* 
ceived  by  supposing  a  rope  of  indefinite  lengtibi 
strdtcbed  horizontally,  one  end  of  nihich  m-  hcAd  in 
tbe  hand.  If  it  be  i^ated  to  «nd  firo  at  Mgnkff 
intervals,  with  a  motion  perpendicular  4»  iiM- 
lengUi,  a  «enes  of  similar  and  equal  tremocs  or 
vrm%»  mil  be  frofiagated  along  it;  atid  M  4&ie 
rtgukur  impnlBes  be  given  in  a  vaidety  of  pkmts, 
aiop  and  down,  &om  r^lit  to  left,  and  also  m 
obliipK  directions,  the  successive  unditlatMWinn 
take  plaoe  m  ev^iy  possible  plane.  An  ajudqgoaa 
oMfdon  in  iSbe  >et'her,  when  communicated  ito  4ie 
ofrtie  nerves,  wovid  produce  the  sensatnen^  ^cnn- 
mon  light.  It  is  evident  tha!t  the  ifwte$  ivhiofa 
ftMr  from  end  to  end  of  ^  cord  in  a  aegpeatine 
foras  are  alLtogether  d^Efe^esit  from  4^  peipoidi^ 
ctdarvibratoiymotHxief  each  particle  of  liiefopey 
yMkdtk  »eter4eviatee  hs:  from  a  state  of  xtst.  So 
in  tftlffir  «a(^  paiticle  vibrates  perpendioiMfy  to 
tbe  direotioa  ot  the  ray;  b«t  llheoe  vdbratiaiMi  ^afe 
f^Mif  aS&iOBX  iK/Kkj  wd  iadqpendttit  id,  dn^ 
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unAidstionB  n^iich  sre  Iraimuitted  tlimi^h  it,  in 
the  same  manner  as  the  Tibrations  of  each  parti- 
oiflar  ear  df  eom  are  independent  of  the  wvTtM 
that  mah  iiom  end  to  end  of  a  harveat-^iklld  when 
agitated  liy  the  wind. 

i  The  intensity  of  light  dependa  upon  the  am- 
j^^tode  or  exteiYt  of  the  yibrations  of  the  particlea 
of  ether;  While  its  colour  depends  npon  their 
fiisqnency.  ITie  time  of  the  vibration  of  a  particle 
of  ether  is,  hy  theory,  as  the  length  df  a  waive 
diiectly,  and  inversely  as  its  velocity.  Now,  ats 
the  vdocity  of  lig'ht  is  Icnown  to  be  192000  mihea 
in  a  second,  if  the  lengths  of  the  waves  of  the 
cttfferent  coloured  rays  conld  he  measm«d,  the 
nmnber  of  vibrations  in  a  second  corresponding 
te  each  coiild  be  computed;  but  that  has  been 
accomplished  as  follows: — All  transparent  siA- 
atances  of  a  certain  thiclmess,  with  parallel  sm"- 
ftces,  reflect  and  transmit  white  light,  but  if  tSiey 
be  extremdy  tlun,  both  the  reflected  and  trans- 
mitted light  is  coloured.  The  vivid  hues  on  soap- 
babbles,  the  iridescent  colours  produced  by  heat 
on  polislied  steel  and  copper,  the  fringes  of  ccAour 
between  the  laminse  of  Icdand  spar  and  sulphate 
of  lime,  all  consist  of  a  succession  of  hues  disposed 
JA  fbe  same  order,  totally  independent  of  iht 
ccAour  of  the  scdnitance,  and  determxned  soldy  by 
ith  greater  or  less  thickness, — a  cbrcmnBtance 
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which  affordB  the  means  of  ascertainiiig  the  length 
of  the  waves  of  each  coloured  ray,  and  the  fre- 
quency of  the  vihrations  of  the  particles  producing 
them.  If  a  plate  of  glass  be  laid  upon  a  lens  of 
almost  imperceptible  curvature,  before  an  open  win- 
dow, when  they  are  pressed  together  a  black  spot 
will  be  seen  in  the  point  of  contact,  surrounded  by 
seven  rings  of  vivid  colours,  all  differing  from  one 
another.  In  the  first  ring,  estimated  from  the  black 
c^t,  the  colours  succeed  each  other  in  the  follow- 
ing order; — ^black,  very  faint  blue,  brilliant  white, 
yellow,  orange,  and  red.  They  are  quite  different 
in  the  other  rings,  and  in  the  seventh  the  only 
colours  are  pale  bluish-green  and  veiy  pale  pink. 
That  these  rings  are  formed  between  the  two  sur- 
faces in  apparent  contact  may  be  proved  by  laying 
a  prism  on  the  lens,  instead  of  the  plate  of  glass, 
and  viewing  the  rings  through  the  inclined  side 
of  it  that  is  next  to  the  eye,  which  arrangement 
prevents  the  light  reflected  from  the  upper  surface 
mixing  with  that  from  the  surfaces  in  contact,  so 
that  the  intervals  between  the  rings  appear  per- 
fectly black, — one  of  the  strongest  circumstances 
in  favour  of  the  undulatory  theory ;  for,  although 
the  phenomena  of  the  rings  can  be  explained  by 
either  hypothesis,  there  is  this  material  difference, 
that,  according  to  the  undulatory  theory,  the  inter- 
vals between  the  rings  ought  to  be  absolutely 
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black,  which  is  confirmed  by  experiment ;  whereas, 
by  the  emanating  doctrine,  they  ought  to  be  half 
illuminated,  which  is  not  found  to  be  the  case. 
M.  Fresnel,  whose  opinion  is  of  the  first  authority, 
'bought  this  test  conclusive.  It  may  therefore  be 
concluded  that  the  rings  arise  entirely  from  the 
interference  of  the  rays :  the  light  reflected  from 
each  of  the  surfaces  in  apparent  contact  reaches 
the  eye  by  paths  of  different  lengths,  and  produces 
coloured  and  dark  rings  alternately,  according  as 
the  reflected  waves  coincide  or  destroy  one  another. 
The  breadths  of  the  rings  are  unequal ;  they  de- 
crease in  width,  and  the  colours  become  more 
crowded,  as  they  recede  from  the  centre.  Coloured 
rings  are  also  produced  by  transmitting  light 
through  the  same  apparatus ;  but  the  colours  are 
less  vivid,  and  are  complementary  to  those  reflected, 
consequently  the  central  spot  is  white. 

The  size  of  the  rings  increases  with  the  obli- 
quity, of  the  incident  light;  the  same  colour  re- 
quiring a  greater  thickness  or  space  between  the 
glasses  to. produce  it  than  when  the  light  falls 
perpendicularly  upon  them.  Now  if  the  appa- 
ratus be  placed  in  homogeneous  instead  of  white 
light,  the  rings  will  all  be  of  the  same  colour  with 
that  of  the  light  employed.  That  is  to  say,  if  the 
lighit  be  red,  the  rings  will  be  red  divided  by 
black  intervals.    The  size  of  the  rings  varies  with 
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the  coLour  of  the  light  The;  w%  ksg^  ini  ood^ 
and  decrease  in  magnitude  with  the  auccsHMiiag 
priematic  colours^  heing  smallest  in  Yiokt  lif^itL 

Since  one  of  the  glasses  is  plane  and  tibe  other 
cphericaly  it  is  evident  that,,  from  th^  point  of  C0a«- 
tact,  the  space  between  them  gradually  jncreaaea 
in-  thickness  all  round,,  so  that  a  certain-  thicteness 
of  air  corresponds  to  each  cobur,.  which,,  in  the 
undulfltoiy  system,  measures  the  leng|&  of.  the 
wave  producing  it.  By  actual  measuiemmit  Sk 
Isaac  Newton  found  that  the  squares  of  tile  dia- 
meters of  the  hrightest  parts-  o£  each,  xing  are  as 
the  odd  numbers,  1,.  3,  5,  7,  &g.;.  and  that  the 
squares  of  the  diameters  of  the  darkest  parts  are 
as  the  even  numbers  0, 2, 4, 6,  &c.  Gonsequendy 
the  intervals*  between  the  glasses  at  these  points 
are  in  the  same,  propartion..  If,  then^  the  thicks 
ness  of  the  air  corresponding  to  any  one  colour 
could  be  fbund,  its  thickness  for  all  liie  others 
would  be  known.  Now,  as  Sir  Isaac  Newton 
knew  the  radius  of  curvature  of  die  l£n8,.and  the 
actual  bresadth  of  the  rings  in  parts-  of  an  inch,.it 
was  easy  to  compute  .that  the  thickness:  of  air  at 
the  darkest  part  of  the  first  ring  is  the  -rri^^ 
part  of  an  inch,  whence  alL  the  others  have  been 
deduced.  As  these. intervals  determine  the  lengtha 
of  the  waves  on  the  imdulatoiy  hypothesis^  it 
appears  that  the:  length  of'  a  wave  of  the.  extxeaie 
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xed  of  the  solar  ipectmrn  is  eqaal  to*  tHe 
§^0000266th  part  of  an  inch;  that  tile  Itngth'of 
a  Irave  of  tiie  eztrame  violet  ia  equal  to.  tht 
O*000016^71il  part  of  an  inch;  and  as  the  tnne'of 
•iTibration:  of  a  particle  of  ether  producing  %wf 
portioular  colour  is  directly  as  the  length  of  a 
imrfi.of  diat  colour,  and  invenely  as  the  Teloeitf 
of  Hght,  it  follows  that  the  molecules  of  ether 
fvoducittg  the  extreme  red  of  the  solar  spectrum 
peifimu  458  millions  of  millions  of  Tifamtions  in 
fti second;  and  that  those  producing  die  extreme 
Tiidet  accomplish  127  millions  of  millions  of  yi- 
InrationB  in  the  same  time.  The  lengtba  of  tiie 
mmes  of  the  intermediate  colours- and  the  numher 
ef  tlieir  vibrations  being  intermediate  between 
IliaBe.  twO)  white  light,  which*  consists  of  all  the 
coimirB)  is  consequently  a  mixture  of  waves  of  all 
In^fdis  between  the  limits  of  tiie  extreme  red  and 
violet;  The  determination  of  these  minute  poi«- 
timni:  of  time  and  space,  both  of  which  have  a  leil 
fwwjwnoc^  being  the  actual  results  ai  measoze* 
ment,  do  as  much  honour  to  1^  genius  ofi  Newton 
as  that  of  the  law  of  gravitation. 

IRie  phenomenon  of  the  coloured  rings  takes 
fkux  in  veLCuo  as  well  as  in-  air;  idlioh*  pnyves 
that  it  is  the  distance  between  the  lenses  alone^ 
and:  not  the  ur,  winch  produces^  tiia  colburs. 
HBNni¥er^if;wirter  oroiLbepst  betwecnithti^.tiw 


ntogs-eontract,  but  no  other  chttugeeimtey 
Newton  found  that  the  thiekness  of  diflbnM  ftKiSt 
tt  wldcli  a  given  tint  is  seen  is -in  the  inv^srsci 
ratio  of  their  refractive  indices,  so  that  the  tihidb^ 
ness  of  laminie  may  he  known  by  their  eblodiv 
which  could  not  otherwise  be  measured;  and'&i  the 
position  of  the  colours  in  the  rings  is  ^nvaxiabfe,^ 
they  form  a  fixed  standard  of  comparispta'^'weil 
known  as  Newton's  scale  of  colourv;  -each 'tint- 
being  estimated  according  to  the  rin^  to  whidi*!t 
belongs  from  the  central  spot  inchisiveVf.  Not 
only  the  periodical  colours  which  have  been  de-' 
scribed,  but  the  colours  seen  in  thick  plates  of 
transparent  substances,  the  variable  hoes  of 'fea-^ 
then,  of  insects'  wings,  and  of  striated  substances^ 
and  the  coloured  fringes  surrounding  the  shadows 
of  all  bodies  held  in  an  extremely  small-  laeam 
of  light,'  all  depend  upon  the  same  princij^e. 
Whence  it  appears,  that  material  substances  de- 
rive their  colours  from  two  different  cau8es-<>aomer 
frt)m  the  law  of  interference,  such  as  xrideBcent 
metals,  peacock's  feathers,  &c.,  and  others  -from 
the  unequal  absolution  of  the  rays  of.  white  light, 
such  as  vermilion,  ultramarine,  blue  or  green 
cloth,  flowers,  and  the  greater  number  of  coloured 
bodies. 

.    The  ethereal  medium  pervading  space  is  sup* 
posed  to  penetrate  all  material  substances^  occu* 
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pjing  the  interstices  between  their  molecules; 
but  in  the  interior  of  refracting  media  it  exists 
in  a  state  of  less  elasticity  compared  with  its 
density  in  vacuo;  and  the  more  refractive  the 
mediimi  the  less  the  elasticity  of  the  ether  within 
it  Hence  the  waves  of  light  are  transmitted 
with  less  velocity  in  such  media  as  glass  and 
water  than  in  the  external  ether.  As  soon  as  a 
ray  of  light  reaches  the  surface  of  a  diaphanous 
reBecting  substance,  for  example,  a  plate  of  glass, 
it  communicates  its  undulations  to  the  ether  next 
in  contact  with  the  surface,  which  thus  becomes  a 
new  centre  of  motion,  and  two  hemispherical  waves 
are  propagated  from  each  point  of  this  surface; 
one  of  which  proceeds  forward  into  the  interior  of 
the  glass,  with  a  less  velocity  than  the  incident  wave ; 
and  the  other  is  transmitted  back  into  the  air  with 
a  velocity  equal  to  that  with  which  it  came.  Thus 
when  refracted,  the  light  moves  with  a  different 
velocity  without  and  within  the  glass ;  when  re- 
flected, the  ray  comes  and  goes  with  the  same 
velocity.  The  particles  of  ether  without  the  glass 
which  communicate  their  motions  to  the  particles 
of  the  dense  and  less  elastic  ether  within  it,  are 
analogous  to  small  elastic  balls  striking lai^e  ones; 
for  some  of  the  motion  will  be  communicated 
to  the  large,  balls,  and  the  small  ones  will  be 
reflected.    The  first  would  cause  the  refracted 
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ifmye»  tnd  the  last  the  reflected.  Con^ergely, 
when  the  light  paeees  from  glass  to  air»  the  action 
is  similar  to  large  balls  striking  small  ones.  The 
small  halls  receive  a  motion  which  would  caxme 
the  refracted  ray,  and  the  part  of  the  moti<m 
retained  by  the  large  ones  would  occasion  the 
reflected  wave ;  so  that  when  light  passes  through 
a  plate  of  glass  or  of  any  other  medium  differing 
in  density  from  the  air,  there  is  a  reflection  at 
both  surfaces.  But  this  difference  exists  between 
the  two  reflections,  that  one  is  caused  by  a  vibra- 
tion in  the  same  direction  with  that  of  the  incident 
ray,  and  the  other  by  a  vibration  in  the  opposite 
direction. 

A  single  wave  of  air  or  ether  would  not  produce 
the  sensation  of  sound  or  light.  In  order  to  ex- 
cite vision,  the  vibrations  of  the  molecules  of  ether 
must  be  regular,  periodical,and  very  often  repeated ; 
and  as  the  ear  continues  to  be  agitated  for  a  short 
time  after  the  impulse,  by  which  alone  a  sound 
becomes  continuous,  so  also  the  fibres  of  the  re- 
tina, according  to  M.  d'Arcet,  continue  to  vibrate 
for  about  the  eighth  part  of  a  second,  after  the 
exciting  cause  has  ceased.  Every  one  must  have 
observed  when  a  strong  impression  is  made  by  a 
bright  light,  that  the  object  remains  visible  for  a 
short  time  after  shutting  the  eyes,  which  is  sup- 
posed to  be  in  consequence  of  the  continued  vihra- 
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tkmi  of  the  fibres  of  the  retina.  It  is  quite  posaiUe 
that  many  vibrations  may  be  excited  in  the  ethereal 
medium  incapable  of  producing  undulations  in  die 
fibtw  of  the  human  retina,  which  yet  have  a  poweis 
M-  effect  on  those  of  other  animals  or  of  insects. 
Such  may  receive  luminous  impressions  of  which 
wevmie  totally  unconscious,  and  at  the  same  time 
tliey  may  be  insensible  to  the  light  and  colom^ 
which  afifect  our  eyes,  their  perceptions  beginning 
wlBere  ours  end. 

SECTION   ZXII. 

In  giving  a  sketch  of  the  constitution  of  light, 
it  is  impossible  to  omit  the  extraordinary  property 
of  its  polarization,  *  the  phenomena  of  which,* 
fSk  John  Herschel  says,  *are  so  singular  and 
vatiouB,  that  to  one  who  has  only  studied  the  com- 
mon branches  of  physical  optics,  it  is  like  entering 
into  a  new  world,  so  splendid  as  to  render  it  one 
of  the  most  delightful  branches  of  experimental 
hteiuiry,  and  so  fertile  in  the  views  it  lays  open  of 
the  constitution  of  natural  bodies,  and  the  minuter 
ttitefaanism  of  the  imiverse,  as  to  place  it  in  the 
vefy  first  rank  of  the  physico-mathematical  sci- 
ences, which  it  maintains  by  the  rigorous  appli- 
cation of  geometrical  reasoning  its  nature  admits 
and  Tequires.' 

o2 
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In  general,  when  a  ray  of  light  is  r^ected  fron:! 
a  pane  of  plate-glass,  or  any  other  substance,  ,it 
may  be  reflected  a  second  time  from  another  su^-* 
face,  and  it  will  also  pass  freely  through  jtrans* 
parent  bodies ;  but  if  a  ray  of  light  be  reflect^e^ 
from  a  pane  of  plate-glass  at  an  angle  of  51^,  it  i? 
rendered  totally  incapable  of  reflection  at  the  iBUTr 
face  of  another  pane  of  glass  in  certaui  defli^te 
positions,  but  will  be  completely  reflected  by  the 
second  pane  in  other  positions.  It  likewise  lose^ 
the  property  of  penetrating  transparent  bodies  u^ 
particular  positions,  whilst  it  is  freely  transmitted 
by  them  in  others.  Light  so  modified,  as  to  be 
incapable  of  reflection  and  transmission  in  certain 
directions,  is  said  to  be  polarized.  This  name  wa^ 
originally  adopted  from  an  imaginary  analogy  in 
the  arrangement  of  the  particles  of  light  on  the 
Corpuscular  doctrine  to  the  poles  of  a  magnet, 
and  is  still  retained  in  the  undulatory  theory. 

Light  may  be  polarized  by  reflection  from,  any 
polished  surface,  and  the  same  property  is  alsp 
imparted  by  refraction.  It  is  proposed  to  explain 
these  methods  of  polarizing  light,  to  give  a  shqrt 
account  of  its  most  remarkable  properties,  and  to 
endeavour  to  describe  a  few  of  the  splendid  phenq- 
mena  it  exhibits. 

If  a  brown  tourmaline,  which  is  a  mineral  gei^- 
raUy  crystallized  in  the  form  of  a  long  prisp^,:^ 
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cut  Icmgitudinally,  that  is,  parallel  to  the  axis  of 
the  pritim,  into  plates  about  the  thirtieth  of  aft 
inch  in  thickness,  and  the  surfaces  polished, 
Itfctthdous  objects  may  be  seen  through  them,  as 
thtough  plates  of  coloured  glass.  The  axis  of 
itiAt  plate  is,  in  its  longitudinal  section,  parallel 
Itf^e  axes  of  the  prism  whence  it  was  cut.  If 
6ne  of  these  plates  be  held  perpendicularly  be- 
tween the  eye  and  a  candle,  and  turned  slowly 
round  in  its  own  plane,  no  change  will  take  place 
in  die  image  of  the  candle ;  but  if  the  plate  be 
held  in  a  fixed  position,  with  its  axis  or  longitu- 
dinal section  vertical,  when  a  second  plate  is  in- 
terposed between  it  and  the  eye,  parallel  to  the 
first,  and  turned  slowly  round  in  its  own  plane, 
a  remarkable  change  will  be  found  to  have  taken 
place  in  the  nature  of  the  light,  for  the  image  of  the 
cahdle  will  vanish  and  appear  alternately  at  every 
quarter  revolution  of  the  plate,  varying  through  all 
degrees  of  brightness  down  to  total,  or  almost  total, 
evanescence,  and  then  increasing  again  by  the  same 
d^^rees  as  it  had  before  decreased.  These  changes 
depend  upon  the  relative  positions  of  the  plates. 
When  the  longitudinal  sections  of  the  two  plates 
tak  parallel,  the  brightness  of  the  image  is  at  its 
maximum ;  and  when  the  axes  of  the  sections  cross 
at  right  angles,  the  image  of  the  candle  vanishes. 
Thus  the  light,  in  passing  through  the  first  plate 
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of  toarmaHne,  has  acquired  a  property  tnt^y  dif- 
ferent from  the  direct  light  of  the  candle^  The  direct 
light  would  have  penetrated  the  second  folate  eqnaily 
well  in  all  directions,  whereas  the  refracted  ray  inH 
only  pass  through  it  in  particular  positions^  and 
is  altogether  incapahle  of  penetrating  it  in'otlMni. 
The  refracted  ray  is  polarized  in  its  passage  through 
the  first  tourmaline,  and  experience  shows  that  it 
never  loses  that  property,  imless  when  acted  upon 
by  a  new  substance.  Thus  one  of  the  properties 
of  polarized  light  is  proved  to  be  the  incapability 
of  passing  through  a  plate  of  tourmaline  perpendi- 
cular to  it,  in  certain  positions,  and  its  ready 
transmission  in  other  positions  at  right  angles  to 
the  former. 

Many  other  substances  have  the  property  of 
polarizing  light.  If  a  ray  of  light  falls  upon  a 
transparent  medium  which  has  the  same  tempeivr 
turct  density  and  structure  throughout  every  part, 
as  fluids,  gases,  glass,  &c.,  and  a  few  regularly 
crystallized  minerals,  it  is  refracted  into  a  single 
pencil  of  light  by  the  laws  of  ordinary  refraction, 
according  to  which  the  ray,  passing  through  the 
refracting  surface  from  the  object  to  the  eye,  never 
quits  a  plane  perpendicular  to  that  sur&ce*  Al- 
most all  other  bodies,  such  as  the  greater  number 
of  crystallized  minerals,  animal  and  vegetable  sab- 
stances,  gums,  resins,  jellies,  and  all  solid  bodies 
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kaTing  unequal  tennons,  whether  from  unequal 
temperature  or  pressure,  possess  the  property  of 
dodbihng  the  image  or  appearance  of  an  object 
Moen  through  them  in  certain  directions ;  because 
Ji  ray  of  natural  light  foiling  upon  them  is  re- 
fineted  into  two  pencils  which  move  with  different 
vdocitiesy  and  are  more  or  less  separated,  accord- 
ing to  the  nature  of  the  body  and  the  direction  of 
the  incident  ray.  Iceland  spar,  a  carbonate  of 
Hme,  which,  by  its  natural  cleavage,  may  be  sj^ 
into  the  form  of  a  rhombohedron,  possesses  this 
property  in  an  eminent  degree,  as  may  be  seen  by 
passing  a  piece  of  paper,  with  a  large  pin  hole  in 
it,  on  the  side  of  the  spar  farthest  from  the  eyt. 
The  hole  will  appear  double  when  held  to  the  light. 
One  of  these  pencils  is  refracted  according  to  the 
tame  law,  as  in  glass  or  water,  never  quitting  the 
plane  perpendicular  to  the  refracting  smrface,  and 
tiherefore  called  the  ordinary  ray ;  but  the  other 
does  quit  that  plane,  being  refracted  according  to 
a  different  and  much  more  complicated  law,  and 
on  that  account  is  called  the  extraordinary  ray. 
For  the  same  reason  one  image  is  called  the  ordi- 
nary, and  the  other  the  extraordinary  image.  When 
the  spar  is  turned  round  in  the  same  plane,  the 
extraordinary  image  of  the  hole  revolves  about  the 
ordinary  imi^  which  remains  fixed,  both  being 
equally  bright.    But  if  the  spar  be  kept  in  one 
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poiition»  and  viewed  tbrough  apteteoftouniifilme, 
it  will  be  found  that,  as  the  tounnaliiie  ore^vte, 
the  images  vary  in  their  lelatiTe  brightness^^-feHi^ 
increases  in  intensity  till  it  anives  at  a  maximum^ 
at  the  same  time  that  the  oChet  dimini^Ks  till 
it  vanishes,  and  so  on  alternately  at  each  cptarter 
revolution,  proving  both  rays  to  he  polarized ;  farip 
one  position  the  tourmaline  transmits  the  ordinary 
ray,  and  reflects  the  extraordinary^  and  after  re- 
volving 90°,  the  extraordinary  ray  is  transmitted, 
and  the  ordinary  ray  is  reflected.  Thus  another 
property  of  polarized  light  is,  that  it  cannot  be. 
divided  into  two  equal  pencils  by  double  refraction, 
in  positions  of  the  doubly  refracting  bodies,  in 
which  a  ray  of  common  light  wotdd  be  so  divided. 
Were  tourmaline  like  other  doubly  refracting 
bodies,  each  of  the  transmitted  rays  would  be 
double,  but  that  mineral,  when  of  a  certain  thidc- 
ness,  after  separating  the  light  into  two  polarized 
pencils,  absorbs  one  of  them,  and  consequently 
shows  only  one  image  of  an  object. 
.  The  pencils  of  light,  on  leaving  a  doubly  refract- 
ing substance,  are  parallel ;  and  it  is  clear,  from 
the  preceding  experiments,  that  they  are  polanzed  . 
in  planes  at  right  angles  to  each  other.  But  that 
will  be  better  understood  by  considering  the  change 
produced  in  common  light  by  the  action  of  the 
polarizing  body.     It  has  been  shown  thatotiie 


undiilationB  of  ether,  which  produce  d»  tenastiop 
of  commoo  light,  are  performed  in  every  poasihle 
^Be^  at  right  angles  to  the  direction  in  whidi  the 
ray  is  moving;  hut  the  case  is  very  different  after 
the  ny  has  passed  through  a  douhly  refracting 
substance,  liktf  Iceland  spar.  The  light  then 
proceeds  in  two  parallel  pencils,  whose  undula- 
tions are  still,  indeed,  transverse  to  the  direction 
of  the  rays,  but  they  are  accomplished  in  planes 
at  right  angles  to  one  another,  analogous  to  two 
parallel  stretched  cords,  one  of  which  performs  its 
undulations  only  in  a  horizontal  plane,  and  the 
other  in  a  vertical,  or  upright  plane.  Thus  the 
polarizing  action  of  Iceland  spar,  and  of  all  doubly 
rdbtcting  substances,  is,  to  separate  a  ray  of  com- 
mon light  whose  waves,  or  imdulations,  are  in 
every  plane,  into  two  parallel  rays,  whose  waves 
or  undulations  lie  in  planes  at  right  angles  to  each 
other.  The  ray  of  common  light  may  be  assimi- 
lated to  a  round  rod,  whereas  the  two  polarized 
rays  are  like  two  parallel  long  flat  rulers,  one  ai 
which  is  laid  horizontally  on  its  broad  surface,  and 
the  other  horizontally  on  its  edge.  The  alternate 
transmission  and  obstruction  of  one  of  these  flat- 
tened beams  by  the  tourmaline  is  similar  to  the 
ftcility  with  which  a  thin  sheet  of  paper,  or  a  caid, 
may  be  passed  between  the  bars  of  a  grating,  or 
ivires  of  a  cage,  if  presented  edgeways,  and  the 
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impossibility  of  its  passing  in  a  direction  trans- 
verse to  the  openings  of  the  bars  or  wires. 

Although  it  generally  happens  that  a  ray  of 
light,  in  passing  through  Iceland  spar,  is  sepa- 
rated into  two  polarized  rays;  yet  there  is  one 
direction  along  which  it  is  refracted  in  one  ray 
only,  and  that  according  to  the  ordinary  law. 
This  direction  is  called  the  optic  axis.  Many 
crystals  and  other  substances  have  two  optic  axea, 
inclined  to  each  other,  along  which  a  ray  of  light 
is  transmitted  in  one  pencil  by  the  law  of  ordinary 
refraction.  The  extraordinary  ray  is  sometimes 
refracted  towards  the  optic  axis,  as  in  quartz, 
zircon,  ice,  &c.,  which  are,  therefore,  said  to  be 
positive  crystals;  but  when  it  is  bent  frt>m  the 
optic  axis,  as  in  Iceland  spar,  tourmaline,  eme- 
rald, beryl,  &c.,  the  crystals  are  n^ative,  which 
is  the  most  ninnerous  class.  The  ordinary  ray 
moves  with  uniform  velocity  within  a  doubly  re- 
fracting substance,  but  the  velocity  of  the  extra- 
ordinary ray  varies  with  the  position  of  the  ray 
relatively  to  the  optic  axis,  being  a  maximum 
when  its  motion  within  the  crystal  is  at  right 
angles  to  the  optic  axis,  and  a  minimum  when 
parallel  to  it.  Between  these  extremes  its  velocity 
varies  according  to  a  determinate  law. 

It  had  been  inferred  from  the  action  of  Iceland 
spar  on  light,  that,  in  all  doubly  refrtu;ting  tub- 
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stances,  one  only  of  the  two  rays  is  turned  aside 
from  the  plane  of  ordinary  refraction,  while  the 
other  follows  the  ordinary  law;  and  the  great 
difficulty  of  observing  the  phenomena  tended  to 
confirm  that  opinion.  M.  Fresnel,  however, 
furoved,  by  a  most  profound  mathematical  inquiry, 
d  priori^  that  the  extraordinary  ray  miist  be  want- 
ing in  glass  and  other  uncrystallized  substances, 
and  that  it  must  necessarily  exist  in  carbonate  oi 
lime,  quartz,  and  other  bodies  having  one  optic 
axis,  but  that,  in  the  numerous  class  of  substances 
which  possess  two  optic  axes,  both  rays  must 
undergo  extraordinary  refraction,  and  consequently 
that  both  must  deviate  from  their  original  plane ; 
and  these  results  have  been  perfectly  confirmed  by 
subsequent  experiments.  This  theory  of  refirac- 
don,  which,  for  generalization,  is  perhaps  only 
inferior  to  the  law  of  gravitation,  has  enrolled  the 
name  of  Fresnel  among  those  which  pass  not 
away,  and  make  his  early  loss  a  subject  of  deep 
regret  to  all  who  take  an  interest  in  the  higher 
paths  of  scientific  research. 

Panes  of  glass,  if  sufficiently  numerous,  will 
give  a  polarized  beam  by  refraction.  It  appears 
that,  when  a  beam  of  common  light  is  partly  re- 
flected at,  and  partly  transmitted  through,  a  trans- 
parent surface,  the  reflected  and  refracted  pencils 
ccmtain  equal  quantities  of  polarized  light,  and 


tlMt  their  planes  of  polarization  are  at  rigbt  angles 
to  one  another ;  hence,  a  pile  of  panes  c/(  ^hiss 
will  give  a  polarized  beam  by  refraction.  Fotif 
a  ray  of  common  light  pass  through  them,  part  of 
it  will  be  polarized  by  the  first  plate,  the  second 
plate  will  polarize  a  part  of  what  passes  thtdtigh 
it,  and  the  rest  will  do  the  same  in  succ^ttov,  till 
the  whole  beam  is  polarized,  except  what  is  lost 
by  reflection  at  the  different  6urfiEice8,orby  absbrp- 
tion.  This  beam  is  polarized  in  a  plane  at  ri^t 
angles  to  the  plane  of  reflection,  that  is,  at  right 
angles  to  the  plane  passing  through  the  incident 
and  reflected  ray.  But  by  far  the  most  convenient 
way  of  polarizing  light  is  by  reflection. 

A  pane  of  plate  glass  laid  upon  a  piece  of  black 
cloth,  on  a  table  at  an  open  window,  will  appear 
of  a  uniform  brightness  from  the  reflection  of  the 
sky  or  clouds ;  but  if  it  be  viewed  through  a  plate 
of  tourmaline,  having  its  axis  vertical,  instead  of 
being  illuminated  as  before,  it  will  be  obscured  by 
a  large  cloudy  spot,  having  its  centre  quite  dark, 
which  will  readily  be  found  by  elevating  or  de- 
pressing the  eye,  and  will  only  be  visible  when  the 
angle  of  incidence  is  57°,  that  is,  when  a  line  from 
the  eye  to  the  centre  of  the  black  spot  makes  an 
angle  of  33°  with  the  surface  of  the  reflector. 
When  the  tourmaline  is  turned  round  in  its  own 
plane,  the  dark  cloud  will  diminish,  and  entit^y 
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vaiuflh  when  the  axis  of  the  tourmaline  is  hoci- 
zontaly  and  then  every  part  of  the  surface  of  the 
glass  will  be  equally  illuminated.    As  the  tour* 
-msline  revolves,  the  cloudy  spot  will  appear  and 
vanish   alternately   at   every  quarter  revolution. 
Thus,  when  a  ray  of  light  is  incident  on  a  pane  of 
plate  glass  at  an  angle  of  57%  the  reflected  ray  is 
.rendered  incapable  of  penetrating  a  plate  of  tour- 
maline whose  axis  is  in  the  plane  of  incidence ; 
consequently  it  has  acquired  the  same  character 
as  if  it  had  been  polarized  by  transmission  through 
a  plate  of  tourmaline  with  its  axis  at  right  an^es 
to  the  plane  of  reflection.     It  is  found  by  expe- 
rience that  this  polarized  ray  is  incapable  of  a 
second  reflection  at  certain  angles  and  in  certain 
positions  of  the  incident  plane.     For  if  another 
pane  of  plate  glass,  having  one  surface  blackened, 
be  so  placed  as  to  make  an  angle  of  33^  with  the 
reflected  ray,  the  image  of  the  first  pane  will  be 
reflected  in  its  surface,  and  will  be  alternately  illu- 
minated and  obscured  at  every  quarter  revolution 
of  the  blackened  pane,  according  as  the  plane,  of 
reflection  is  parallel  or  perpendicular  to  the  plane 
of  polarization.     Since  this  happens  by  whatever 
means  the  light  has  been  polarized,  it   evinces 
another  general  property  of  polarized  light,  which 
is,  that  it  is  incapable  of  reflection  in  a  plane  .^ 
f^t  angles  to  the  plane  of  polarization.  ., 
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All  reflecting  surfaces  are  capable  <^  pobnizmg 
light,  but  the  angle  of  incidence  at  which  it  is 
completely  polarized,  is  different  in  each  waS>* 
stance.  It  appears  that  the  angle  for  plate-glasa 
is  5*7° ;  in  crown-glass  it  is  56^  55',  and  no  ray 
will  be  completely  polarized  by  water,  unless  the 
angle  of  incidence  be  53°  11'.  The  angles  at 
which  different  substances  polarize  light  are  de- 
termined by  a  very  simple  and  elegant  law,  dis* 
covered  by  Sir  David  Brewster,  *  That  the  tan- 
gent of  the  polarizing  angle  for  any  medium  is 
equal  to  the  sine  of  the  angle  of  incidence  divided 
by  the  sine  of  the  angle  of  refraction  of  that  me«- 
dium.'  Whence  also  the  refractive  power  even  of 
an  opaque  body  is  known  when  its  polarizing 
angle  has  been  determined. 

Metallic  substances,  and  such  as  are  of  high 
refractive  powers,  like  the  diamond,  polarize  im- 
perfectly. 

If  a  ray  polarized  by  refraction  or  by  reflec*' 
tion  from  any  substance  not  metallic  be  viewed^ 
through  a  piece  of  Iceland  spar,  each  image  will 
alternately  vanish  and  re-appear  at  every  quarter 
revolution  of  the  spar,  whether  it  revolves  iron 
right  to  left,  or  from  left  to  right ;  which  shoMis 
that  the  properties  of  the  polarized  ray  are  symr.. 
metrical  on  each  side  of  the  plane  of  polarizationl 

Although  there  be  only  one  angle  in  each  sub^* 
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fltmce  at  which  light  is  completely  pokrized  by 
(me  reflection,  yet  it  may  be  polariased  at  any  angle 
of  incidence  by  a  sufficient  number  of  reflections. 
Fmr  if  a  ray  falls  upon  the  upper  surface  of  a  pile 
of  glass  at  an  angle  greater  or  less  than  the  polar* 
izii^  angle,  a  part  only  of  the  reflected  ray  will 
be  polarized,  but  a  part  of  what  is  transmitted  will 
be  polarized  by  reflection  at  the  sur&oe  of  the 
second  plate,  part  at  the  third,  and  so  on  till  the 
whole  is  polarized.  This  is  the  best  apparatus ; 
but  a  plate  of  glass  having  its  inferior  surface 
blackened,  or  even  a  polished  table,  will  answer 
the  purpose. 

SECTION    XXIII. 

SocB  is  the  nature  of  polarized  light  and  the  laws 
it  follows ;  but  it  is  hardly  possible  to  convey  an 
idea  of  the  splendour  of  the  phenomena  it  exhibits 
imder  circumstances  which  an  attempt  will  now 
be  made  to  describe. 

If  light  polarized  by  reflection  from  a  pane  of 
giasB  be  viewed  through  a  plate  of  tourmaline  with 
its  longitudinal  section  vertical,  an  obscure  cloud, 
with  its  centre  totally  dark,  will  be  seen  on  the 
glass.  Now  let  a  plate  of  mica,  uniformly  about 
the  thirtieth  of  an  inch  in  thickness,  be  interposed 
between  the  tourmaline  and  the  glass ;  the  dark 


306  OONUBXION  09  ?SB 

spot  will  inBtantly  yanialiy  and  imte^^of  it,  a 
succession  of  the  most  go]|;eous  cdoiira  will  ap- 
pear, varying  with  every  inclination  of  the  xaica, 
from  the  richest  reds,  to  the  most  vivid  gpreensb 
blues,  and  purples.  That  they  may  be  seen  in 
perfection,  the  mica  must  revolve  at  right  angles  |q 
its  own  plane.  When  the  mica  is  turned  rou^od  in 
a  plane  perpendicular  to  the  polarized  ray,  it  will 
be  found  that  there  are  two  lines  in  it  where  th^ 
colours  entirely  vanish  :  these  are  the  optic  axes.of 
the  mica ;  which  is  a  doubly  refracting  substance 
with  two  optic  axes,  along  which  light  is  refracted 
in  one  pencil. 

No  colours  are  visible  in  the  mica,  whatever  its 
position  may  be  with  regard  to  the  polarized  light, 
without  the  aid  of  the  tourmaline,  which  separates 
the  transmitted  ray  into  two  pencils  of  coloured 
light  complementary  to  one  another,  that  is,  which 
taken  together  would  make  white  light;  one  of 
these  it  absorbs  and  transmits  the  other:  it  is 
therefore  called  the  analyzing  plate.  The  truth 
of  this  will  appear  more  readily  if  a  film  of  sul- 
phate of  lime  between  the  twentieth  and  sixtieth  of 
an  inch  thick  be  used  instead  of  the  mica.  When 
the  film  is  of  uniform  thickness,  only  one  colour 
will  be  seen  when  it  is  placed  between  the  anar 
lyzing  plate  and  the  reflecting  glass ;  as,  for  ex* 
ample,  red :  but  when  the  tourmaline  revolves,  the 


lied  win  vimish  by  degrees,  till  the  film  is  eolo^ 
liiB,  then  it  will  assmne  a  green  hue,  which  yr&L 
itiereaite  and  arrive  at  its  maximum  when  the 
Mmnaline  has  turned  through  ninety  degrees; 
after  that  the  green  will  vanish  and  the  red  will 
fe-sppear,  alternating  at  each  quadrant.  Whence 
it  appears  that  the  tourmaline  separates  the  light 
which  has  passed  through  the  fifan  into  a  red  and 
H  green  pencil,  and  that  in  one  position  it  absorbs 
th(f  green  and  lets  the  red  pass,  and  in  another  it 
absorbs  the  red  and  transmits  the  green.  This  is 
proved  by  analyzing  the  ray  with  Iceland  spar  in- 
stead of  tourmaline,  for  since  the  spar  does  not 
absorb  the  light,  two  images  of  the  sulphate  of 
lime  will  be  seen,  one  red  and  the  other  green,  and 
these  exchange  colours  every  quarter  revolution  of 
die  spar,  the  red  becoming  green  and  the  green 
ried,  and  where  the  images  overlap,  the  colour  is 
#hite,  proving  the  red  and  green  to  be  comple^ 
inentary  to  each  other.  The  tint  depends  on  the 
dnekness  of  the  film.  Films  of  sulphate  of  Hme 
the 0-00124  and  001818  of  an  inch  respectively, 
^ive  white  light  in  whatever  position  they  may  be 
Iwrid,' provided  they  be  perpendicular  to  the  polar- 
iised  ray ;  but  films  of  intermediate  thickness  will 
give  all  colours.  Consequently  a  wedge  of  sul- 
phate of  lime,  varying  in  thickness  between  the 
(HX)]24  and  the  0*01818'  of  an  inch,  will  appear 
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to  be  itriped  irith  all  colours  when  pohmed  iight 
is  transmitted  through  it.  A  change  in  the  incli* 
nation  of  the  film,  whether  of  -mica  or  sulphalie  of 
lime,  is  evidently  equiyalent  to  a  variation  in  thick^' 
nets. 

When  a  plate  of  mica  held  as  dose  to  tbe  e^yeaa 
possible,  at  such  an  indination  as  to  transmit  tbe^ 
polarized  ray  along  one  of  its  optic  axes,  is  viewed 
through  the  tourmaline  with  its  axis  vertical,  a 
most  splendid  appearance  is  presented.  The 
cloudy  spot,  which  is  in  the  direction  of  the  optio 
axis,  is  seen  surrounded  by  a  set  of  vividly  co- 
loured rings  of  an  oval  form,  divided  into  two 
unequal  parts  by  a  black  curved  band  passing 
through  the  cloudy  spot  about  which  the  rings  are 
formed.  The  other  optic  axis  of  the  mica  exhi- 
bits a  similar  image. 

When  the  two  optic  axes  of  a  crystal  make  a 
small  angle  with  one  another,  as  in  nitre,  the  two 
sets  of  rings  touch  externally ;  and  if  the  plate  of 
nitre  be  turned  round  in  its  0¥m  plane,  the  blade 
transverse  bands  undergo  a  variety  of  changes, 
till  at  last  the  whole  richly  coloured  image  as- 
sumes the  form  of  the  figure  8,  traversed  by  a 
black  cross.  Substances  having  one  optic  axis 
have  but  one  set  of  coloured  circular  rings,  with  a 
broad  black  cross  passing  through  its  centre  and 
cyvidiag  the  rings  into  four  equal  parts.    Whea 


tb^.aini^yzkag  plate  rerolves,  this  figure  reean.' at- 
eyexy  quarter  revolution,  but  in  the  intermediate 
poations  it  assumes  the  complementary  colours^ 
th&  Uack  croBS  becoming  white. 

It  is  in  vain  to  attempt  to  describe  the  beautiful 
phenomena  exhibited  by  innumerable  bodies,  all 
of  which  undergo  periodic  changes  in  form  and 
colour  when  the  analyzing  plate  revolves,  but  not 
one  of  them  shows  a  trace  of  colour  without  the 
aid  of  tourmaline  or  something  equivalent  to  ana- 
lyze the  light,  and  as  it  were  to  call  these  beau- 
tiful phantoms  into  existence.  Tourmaline  has  the 
disadvantage  of  being  itself  'a  coloured  substance, 
but  that  inconvenience  may  be  avoided  by  employ- 
ing a  reflecting  surface  as  an  analyzing  plate. 
When  polarized  light  is  reflected  by  a  plate  of 
glass  at  the  polarizing  angle,  it  will  be  separated 
into  two  coloured  pencils,  and  when  the  analysing 
plate  is  turned  round  in  its  own  plane,  it  will 
alternately  reflect  each  ray  at  every  quarter  revo- 
lutifm,  80  that  all  the  phenomena  that  have  been 
described  will  be  seen  by  reflection  on  its  surface. 
Coloured  rings  are  produced  by  analyzing  polar- 
ized light  transmitted  through  glass  melted  and 
fjuddenly  or  unequally  cooled,  also  in  thin  plates 
jof  glass  bent  with  the  hand,  in  jelly  indurated  or 
compressed,  &c.  &c. ;  in  short,  all  the  phenomena 
«f.  coloured  rings  may  be  produced,  either  peima- 

p2 
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nently  or  transiently,  in  a  variety  of  eubstancesy 
by  heat  and  cold,  rapid  cooling,  compression,  dila- 
tation, and  induration ;  and  so  little  apparatus  is 
necessary  for  performing  the  experiments,  that,  as 
Sir  John  Herschell  observes,  a  piece  of  window- 
glass  or  a  polished  table  to  polarize  the  light,  a 
sheet  of  clear  ice  to  produce  the  rings,  and  a 
broken  fragment  of  plate-glass  placed  near  the  eye 
to  analyse  the  light,  are  alone  requisite  to  produoe 
one  of  the  most  splendid  of  optical  exhibitions. 

It  has  been  observed  that  when  a  ray  oi  light, 
polarized  by  reflection  from  any  surface  not  me- 
tallic, is  analyzed  by  a  doubly  refracting  substance, 
it  exhibits  properties  which  are  symmetrical  both 
to  the  right  and  left  of  the  plane  of  reflection,  and 
the  ray  is  then  said  to  be  polarized  according  to 
that  plane.  This  symmetry  is  not  destroyed  when 
the  ray,  before  being  analyzed,  traverses  the  optic 
axis  of  a  crystal  having  but  one  optic  axis,  as 
evidently  appears  from  the  circular  form  of  the 
coloured  rings  already  described.  Regularly  crys- 
tallized quartz,  or  rock  crystal,  however,  forms  an 
exception.  In  it,  even  though  the  rays  should 
pass  through  the  optic  axis  itself,  where  there  is 
no  double  refraction,  the  primitive  symmetry  of 
the  ray  is  destroyed,  and  the  plane  of  primitive 
polarization  deviates  either  to  the  right  or  left  of 
the  observer,  by  an  angle  proportional  to  the 
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tMcktiesB  of  the  plate  of  quartz.  This  angulaor 
motion,  or  true  rotation  of  the  plane  of  polari- 
zation, which  is  called  circular  polarisation,  h 
clearly  proved  by  the  phenomena.  The  coloured 
rings  produced  by  all  crystals  having  but  one  optic 
axis  are  circular,  and  traversed  by  a  black  cross 
concentric  with  the  rings;  so  that  the  light  en- 
tirely vanishes  throughout  the  space  enclosed  by 
the  interior  ring,  because  there  is  neither  double 
refraction  nor  polarization  along  the  optic  axis; 
but  in  the  system  of  rings  produced  by  a  plate  of 
quartz,  whose  surfaces  are  perpendicular  to  the 
axis  of  the  crystal,  the  part  within  the  interior 
ring,  instead  of  being  void  of  light,  is  occupied  by 
a  uniform  tint  of  red,  green,  or  blue,  according  to 
the  thickness  of  the  plate.  Suppose  the  plate  of 
quiirtz  to  be  ^  of  an  inch  thick,  which  will  give 
the  red  tint  to  the  space  within  the  interior  ring ; 
when  the  analyzing  plate  is  turned  in  its  0¥m  plane 
through  an  angle  of  17^%  the  red  hue  vanishes. 
If  a  plate  of  rock  crystal,  -^  of  an  inch  thick,  be 
used,  the  analyzing  plate  must  revolve  through 
35^  before  the  red  tint  vanishes,  and  so  on ;  every 
additional  25th  of  an  inch  in  thickness  requiring 
an  additional  rotation  of  17^^,  whence  it  is  mani- 
fest that  the  plane  of  polarization  revolves  in 
the  direction  of  a  spiral  within  the  rock  crystal. 
It  is  remarkable  that,  in  some  crystals  of  quartz, 


tile  plsne  of  polarization  revolveB  ftiAn^^ti^' io 
lefty  and  in  others  from  left  to  rigHt,  aifiujiti^ 
the  crystalB  themselves  differ  apparently  bhl?f  by 
ft  very  slight,  almost  imperceptible,  variety  in  ftstHk. 
In  these  phenomena,  the  rotation  to  the  right  ^is 
accomplished  according  to  the  same  laws,  atid  inth 
the  same  energy,  as  that  to  the  left.  Bttt  Sf  two 
plates  of  quartz  be  interposed  which  possesf^  dif- 
ferent affections,  the  second  plate  imdoes,'  eiiket 
wholly  or  partly,  the  rotatory  motion  which  "flie 
first  had  produced,  according  as  the  platds  are 
of  equal  or  unequal  thickness.  When  the  plates 
are  of  unequal  thickness,  the  deviation  is  in  the 
direction  of  the  strongest,  and  exactly  the  slAne 
with  that  which  a  third  plate  would  produce  equal 
in  thickness  to  the  difference  of  the  two. 

M.  Biot  has  discovered  the  same  properties  in  a 
variety  of  liquids.  Oil  of  turpentine  and  an  essen- 
tial oil  of  laurel  cause  the  plane  of  polarization  to 
turn  to  the  left,  whereas  the  syrup  of  the  sugar-cane 
and  a  solution  of  natural  camphor  by  alcohol  turn 
it  to  the  right.  A  compensation  is  effected  by  the 
superposition  or  mixture  of  two  liquids  which  pos- 
sess these  opposite  properties,  provided  no  chemi- 
cal action  takes  place.  A  remarkable  difference 
was  also  observed  by  M.  Biot  between  the  action 
of  the  particles  of  the  same  substances  when  in  a 
liquid  or  solid  state.    The  syrap  of  grapes,  for 


example,  tui^s  the  plaue  of  polarizi^tioQ  to, the 
;left,  as  long  as  it  remaing  liquid ,  but  as  soon  as  it 
.gcqiiires  the  solid  form  of  sugar,  it  causes  the 
,  plane  of  polarization  to  revolve  towards  the  right, 
..  a  f  property  which  it  retains  even  when  again  dis- 
^^ved.  Instances  occur  also  in  which  these  cir- 
^^umstances  are  reversed. 

,     A  ray  of  light  passing  through  a  liquid  possess- 
..jung  the  power  of  circular    polarization    is  not 
.affected  by  mixing  other  fluids  with  the  liquid, — 
^uch  as  water,  ether,  alcohol,  &c.,  which  do  not 
.  .possess  circular  polarization  themselves,  the  angle 
,.of  deviation  remaining  exactly  the  same  as  beiore 
,the  mixture;    whence  M.  Biot  infers  that  the 
.action  exercised  by  the  liquids  in  question  does 
not  depend  upon  their  mass,  but  that  it  is  a  mole- 
cular action,  exercised  by  the  ultimate  particles 
of  matter,  which  only  depends  upon  their  indivi- 
.dual  constitution,  and  is  entirely  independent  of 
ihe  positions  and  mutual  distances  of  the  particles 
.with  r^ard  to  each  other.    This  peculiar  action 
•of  matter  on  light  affords  the  means  of  detecting 
.varieties  in  the  nature  of  substances  which  have 
duded  chemical  research.     For  example,  no  che- 
,  .mical  difference  has  been  discovered  between  syrup 
..from  the  sugar-cane  and  syrup  from  grapes;  yet 
jt;he  flrst  causes  the  plane  of  polarization  to  revolve 
,  to  the  right,  and  the  other  to  the  left,  thexe&it^^\Si^ 
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eMcntial  difference  must  exiBt  in  the  natme  of 
their  ultimate  molecules.  The  tame  di£fer«M%  » 
to  be  traced  between  the  juices  of  such  plants  aa 
give  sugar  similar  to  that  from  the  cane  and  tho#e 
which  give  sugar  like  that  obtained  from  grapes» 
M.  Biot  has  shown,  by  these  important  disco^ 
veriesy  that  circular  polarization  surpasses  the 
power  of  chemical  analysis  in  giving  certain  and 
direct  evidence  of  the  similarity  or  difference 
existing  in  the  molecular  constitution  of  bodies,  as 
well  as  of  the  permanency  of  that  constitution,  or 
of  the  fluctuations  to  which  it  may  be  liable. 
This  eminent  philosopher  is  now  engaged  in  a 
series  of  experiments  on  the  progressive  chaises 
in  the  sap  of  v^tables  at  different  distances  from 
their  roots,  and  on  the  products  that  are  formed 
at  the  various  epochs  of  vegetation,  frcnn  their 
action  on  polarized  light. 

One  of  the  many  brilliant  discoveries  of  M. 
Fresnel  is  the  production  of  circular  and  elHptieal 
polarization  by  the  internal  reflection  of  light  from 
plate-glass.  He  has  shown  that  if  light,  polar- 
ized by  any  of  the  usual  methods,  be  twice  reflected 
within  a  glass  rhomb  of  a  given  form,  the  vibra- 
tions of  the  ether  that  are  perpendicular  to  the 
plane  of  incidence  will  be  retarded  a  quarter  of  a 
vibration,  which  causes  the  vibrating  particles  to 
deseribd  a  circular  helix^  or  curve,  like  acoriiff 
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WGxew.  However,  that  only  happens  when  the 
plane  of  polarization  is  inclined  at  an  angle  of  45^ 
to  the  plane  of  incidence.  When  these  two  planes 
f(Hrm  an  angle,  either  greater  or  less,  the  vibrating 
particles  move  in  an  elliptical  helix,  which  curve 
may  be  represented  by  twisting  a  thread  in  a  spiral 
about  an  oval  rod.  These  curves  will  turn  to  the 
right  or  left  according  to  the  position  of  the  inci- 
dent plane. 

The  motion  of  the  ethereal  medium  in  elliptical 
and  circular  polarization  may  be  represented  by 
the  analogy  of  a  stretched  cord ;  for  if  the  extremity 
of  such  a  cord  be  agitated  at  equal  and  regular 
intervals  by  a  vibratory  motion  entirely  confined 
to  one  plane,  the  cord  will  be  thrown  into  an  un- 
dulating curve  lying  wholly  in  that  plane.  If  to 
this  motion  there  be  superadded  another,  similar 
and  equal,  but  perpendicular  to  the  first,  the  cord 
wffl  assume  the  form  of  an  elliptical  helix ;  its 
extremity  will  describe  an  ellipse,  and  every  mole- 
cule throughout  its  length  will  successively  do  the 
same.  But  if  the  second  system  of  vibrations 
commence  exactly  a  quarter  of  an  undulation  later 
than  the  first,  the  cord  will  take  the  form  of  a 
circular  helix,  or  corkscrew ;  the  extremity  of  it 
will  move  uniformly  in  a  circle,  and  every  mole- 
cule throughout  the  cord  will  do  the  same  in  sue- 
ceapjpn.  It  appears,  therefore,  that  botYi  cixcxiXiKi 
and  eUiptic&l  polarization  may  ht  product  \3!^  ^^ 
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compoiition  of  the  motioiiB  of  two  ray«  i^  wlkiych 
tbe  particles  of  ether  vibrate  in  planes  at.,Ti^t 
angles  to  one  another. 

Professor  Airy,  in  a  very  profound  and  ^e 
paper  lately  published  in  the  Cambridge  l^rans- 
actions,  has  proved  that  all  the  different  kindst.of 
polarized  light  are  obtained  from  rock  crystal. 
When  polarized  light  is  transmitted  through  the 
axis  of  a  crystal  of  quartz  in  the  emergent  ray, 
the  particles  of  ether  move  in  a  circular  helix ; 
and  when  it  is  transmitted  obliquely,  so  as  to 
form  an  angle  with  the  axis  of  the  prism,  the 
particles  of  ether  move  in  an  elliptical  helix, 
the  ellipticity  increasing  with  the  obliquity  .of 
the  incident  ray;  so  that,  when  the  incident 
ray  falls  perpendicularly  to  the  axis,  the  par- 
ticles of  ether  move  in  a  straight  line.  Thus 
quartz  exhibits  every  variety  of  elliptical  polari- 
zation, even  including  the  extreme  cases  where 
the  excentricity  is  zero,  or  equal  to  the  greater 
axis  of  the  ellipse.  In  many  crystals  the  two 
rays  are  so  little  separated,  that  it  is  only  from 
the  nature  of  the  transmitted  light  that  they  are 
known  to  have  the  property  of  double  refrac- 
tion. M.  Fresnel  discovered,  by  experiments  on 
the  properties  of  light  passing  through  the  axis  of 
quartz,  that  it  consists  of  two  superposed  .T«ys 
moving  with  different  velocities;  and  Profei^r 
Airy  has  proved  that,  in  these  two  rays,  th^  mole- 


tndes  of  ether  yibrate  in  similar  ellipses  at  figkt 
Wangles  to  each  other,  but  in  different  directions; 
that  their  ellipticity  varies  with  the  angle  wlneh 
tiiie  incident  ray  makes  with  the  axis ;  and  that, 
by  the  composition  of  their  motions,  they  produce 
all  the  phenomena  of  the  polarized  light  observed 
in  quartz. 

It  appears  from  what  has  been  said,  that  the 
molecules  of  ether  always  perform  their  vibrations 
at  right  angles  to  the  direction  of  the  ray,  but  very 
difierently  in  the  various  kinds  of  light.  In  na- 
tural light  the  vibrations  are  rectilinear,  and  in 
every  plane ;  in  ordinary  polarized  light  they  are 
rectilinear,  but  confined  to  one  plane ;  in  circular 
polarization  the  vibrations  are  circular;  and  in 
elliptical  polarization  the  molecules  vibrate  in 
iellipses.  These  vibrations  are  communicated  from 
molecule  to  molecule  in  straight  lines  when  they 
are  rectilinear,  in  a  circular  helix  when  they  are 
circular,  and  in  an  oval  or  elliptical  helix  when 
elliptical. 

Some  fluids  possess  the  property  of  circular 

^polarization,  as  oil  of  turpentine;   and  elliptical 

|)olarization,  or  something  similar,  seems  to  be 

produced  by  reflection  from  metallic  siurfaces. 

The  coloured  images  from  polarized  light  arise 

-  irom  the  interference  of  the  rays.    MM.  Fresnel 

^%ikd  Arago  proved  by  experiment  that  two  rays  of 

-)polari2sed  light  interfere  and  produce  coloured 
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fringes  if  they  be  polarized  in  the  same  plane,  but 
that  they  do  not  interfere  when  polarized  in  diti^- 
ent  planes.  In  all  intermediate  positions,  fringes 
of  intermediate  brightness  are  produced.  The  ana- 
logy of  a  stretched  cord  will  show  how  this  hap- 
pens. Suppose  the  cord  to  be  moved  backwards 
and  forwards  horizontally  at  equal  intervals:  it 
will  be  thrown  into  an  undulating  curve  lying  all 
in  one  plane.  If  to  this  motion  there  be  super- 
added another,  similar  and  equal,  commencing 
exactly  half  an  undulation  later  than  the  first,  it 
is  evident  that  the  direct  motion  every  molecule 
will  assume,  in  consequence  of  the  first  system  of 
waves,  will  at  every  instant  be  exactly  neutralized' 
by  the  retrogade  motion  it  would  take  in  virtue 
of  the  second ;  and  the  cord  itself  will  be  quies- 
cent, in  consequence  of  the  interference.  But  if 
the  second  system  of  waves  be  in  a  plane  perpen- 
dicular to  the  first,  the  effect  would  only  be  to 
twist  the  rope,  so  that  no  interference  would  take 
place.  Rays  polarized  at  right  angles  to  each 
other  may  subsequently  be  brought  into  the  same 
plane  without  acquiring  the  property  of  producing 
coloured  fringes ;  but  if  they  belong  to  a  pencil,  the 
whole  of  which  was  originally  polarized  in  the 
same  plane,  they  will  interfere. 

The  manner  in  which  the  coloured  rays  are 
formed  may  be  conceived  by  considering  that, 
when  polarized  light  passes  through  the  optic  axis 
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of  a  doubly  refracting  substance, — as  mica,  fos 
example, — it  is  divided  into  two  pencils  by  the 
analyzing  tourmaline ;  and  as  one  ray  is  absorbed* 
there  can  be  no  interference.  But  when  the  po- 
larized light  passes  through  the  mica  in  any  other 
direction,  it  is  separated  into  two  white  rays,  and 
these  are  again  divided  into  four  pencils  by  the 
tourmaline,  which  absorbs  two  of  them ;  and  the 
other  two,  being  transmitted  in  the  same  plane, 
with  different  velocities,  interfere  and  produce  the 
coloured  phenomena.  If  ^he  analysis  be  made 
with  Iceland  spar,  the  single  ray  passing  through 
the  optic  axis  of  the  mica  will  be  refracted  into 
two  rays  polarized  in  different  planes,  and  no 
interference  will  happen  :  but  when  two  rays  are 
transmitted  by  the  mica,  they  will  be  separated 
into  four  by  the  spar,  two  of  which  will  interfere 
to  form  one  image,  and  the  other  two,  by  their 
interference,  will  produce  the  complementary  co- 
lours of  the  other  image,  when  the  spar  has 
revolved  through  90° ;  because,  in  such  positions 
of  the  spar  as  produce  the  coloured  images,  only 
two  rays  are  visible  at  a  time,  the  other  two  being 
reflected.  When  the  analysis  is  accomplished  by 
reflection,  if  two  rays  are  transmitted  by  the  mica» 
they  are  polarized  in  planes  at  right  angles  to  each 
other ;  and  if  the  plane  of  reflection  of  either  of 
these  rays  be  at  right  angles  to  the  plane  of  polar* 
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ization,  only  one  of  them  will  be  reflected,,  «pd 
therefore  no  interference  can  take  place;  but  Jin, 
all  other  positions  of  the  analyzing  plate,  bo^ 
rays  will  be  reflected  in  the  same  plane,  and  coar 
aequently  will  produce  coloured  rings  by  their 
interference. 

It  is  evident  that  a  great  deal  of  the  light  we  see 
must  be  polarized,  since  most  bodies  which  havc^' 
the  pow^r  of  reflecting  or  refracting  light  also  have 
the  power  of  polarizing  it.  The  blue  light  of  tiie> 
sky  is  completely  pola^ed  at  an  angle  of  *14^haat 
the  sun  in  a  plane  passing  through  his  centre. 

A  constellation  of  talent,  almost  unrivalled  at 
any  period  in  the  history  of  science,  has  contri-^ 
buted  to  the  theory  of  polarization,  though  the 
original  discovery  of  that  property  of  light  was 
accidental,  and  arose  from  an  occurrence  which, 
like  thousands  of  others,  would  have  passed  unno*- 
ticed,  had  it  not  happened  to  one  of  those  raie 
minds  capable  of  drawing  the  most  importaxit 
inferences  from  circumstances  apparently  trifling. 
In  1808,  while  M.  Mains  was  accidentally  view* 
ing,  with  a  doubly  refracting  prism,  a  brilliant 
sunset  reflected  from  the  windows  of  the  Luzemr 
bourg  palais  in  Paris,  on  turning  the  prism  slowly 
round,  he  was  surprised  to  see  a  very  great  diffiu*/ 
ence  in  the  intensity  of  the  two  images,  the  mooi 
refracted  alternately  changing  from  brightoeos  <l^ 
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obscurity  at  each  quadrant  of  revolution.  A  plie^ 
nolmenon  so  unlooked  for  induced  him  to  inveBti<^' 
gate  its  cause,  whence  sprung  one  of  the  most 
elegant  and  refined  branches  of  physical  optics.    '^ 

SECTION  xxiv. 

Thb  numerous  phenomena  of  periodical  colours 
arising  from  the  interference  of  light,  which  do 
not  admit  of  satisfactory  explanation  on  any  other 
principle  than  the  undulatory  theory,  are  the 
strongest  arguments  in  favour  of  that  hypothesis ; 
and  even  cases  which  at  one  time  seemed  im&- 
vourable  to  that  doctrine  have  proved,  upon  inves- 
tigation, to.  proceed  from  it  alone.  Such  is  the 
erroneous  objection  which  has  been  made  in  con- 
sojuence  of  a  difference  in  the  mode  of  action  of 
light  and  sound  under  the  same  circumstances  in 
one  particular  instance.  When  a  ray  of  light 
from  a  luminous  point,  and  a  diverging  sound,  are 
both  transmitted  through  a  very  small  hole  into  a 
dark  room,  the  light  goes  straight  forward,  and 
ilknmnates  a  small  spot  on  the  opposite  wall, 
levring  the  rest  in  darkness ;  whereas  the  sound, 
on  entering,  diverges  in  all  directions,  and  is 
heard  in  every  part  of  the  room.  These  pheno*^ 
ibekia,  however,  instead  of  being  at  variance  with 
the  ^Qdadulatory  theory,  are  direct  consequences  of 
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ft  fiingle  point,  is  diapers^,  ov  aottttevod  iOVf^ar  ra 
conaiderable  space,  so  that  the  raya  of  the  ookmred 
qiectruin,  whose  waves  axe  of  dificfeiU  le])gtfaa» 
have  different  degrees  of  refraiigibilitsry  aad  ewBh 
aequently  move  with  difiEerent  velodtiea^  eithor  in 
the  medium  which  conveys  the  light  fiom  tfas 
aun,  or  in  the  refracting  medium,  or  in  both; 
iv^hereas  it  has  been  shown  that  rays  of  all  cokAnra 
move  with  the  same  velocity.  If,  indeed,  dio 
velocities  of  the  various  rays  were  different  is 
space,  the  aberration  of  the  fixed  stars,  fwhicfa  ia 
inversely  as  the  velocity,  would  be  difiSirent  fior 
different  colours,  and  every  star  wooLd  appesx  as 
a  spectrum  whose  length  would  be  psiaUei  to  the 
direction  of  the  earth's  motion,  which  iji  not  fbond 
to  agree  with  observation.  Besides,  there  is  no 
such  difiSsrence  in  the  velocities  of  the  long  and 
short  waves  of  air  in  the  analogous  case  of  sounds 
since  notes  of  the  lowest  and  highest  pitch,  aie 
heard  in  the  order  in  which  they  are  struck.  The 
solution  of  this  anomalous  case  suggested  by  Pnn 
fessor  Airy  from  a  similar  instance  in  the  theory 
of  sound,  already  mentioned,  will  be  best  under-! 
stood  in  his  own  words.  '  We  have  every  reason,'  • 
he  observes, '  to  think  that  a  part  of  the  velocity 
<^  sound  depends  upon  the  circumstance  that  tka^ 
lai^r  of  elasticity  of  the  air  is  altered  by  the  instan- 
taneous devdopment  of  latent  heat  on  compression. 
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or  the  contrary  effect  on  expansion.    Now,  if  this 
heat  required  time  for  its  development,  the  quan- 
tity of  heat  developed  would  depend  upon  the  time 
during  which  the  particles  remained  in  nearly  the. 
tame  relative  state,  that  is,  on  the  time  of  vihra-^ 
tkm.     Consequently,  the  law  of  elasticity  would 
be  different  for  different  times  of  vihration,  or  for 
different  lengths   of  waves;    and  therefore  the 
^lodty  of  transmission  would  be  different  for 
waves  of  different  lengths.    If  we  suppose  some 
eause  which  is  put  in  action  by  the  vibration  of 
the  particles  to  affect  in  a  similar  manner  the 
elasticity  of  the  mediimi  of  light,  and  if  we  con- 
ceive the  degree  of  development  of  that  cause  to 
depend  upon  time,  we  shall  have  a  sufficient  ex- 
planation of  the  unequal  refrangibility  of  different 
coloured  rays.*     Even  should  this  view  be  objec- 
tienable,  instead  of  being  surprised  that  one  dis-^ 
crepant  case  should  occur,  it  is  astonishing  to  find 
iskt  theory  so  nearly  complete,  if  it  be  considered 
that  no  subject  in  the  whole  course  of  physico- 
mathematical  inquiry  is  more  abstruse  than  the 
doctrine  of  the  propagation  of  motion  through 
deatic  media,  perpetually  requiring  the  aid  of 
analogy  from  the  unconquerable  difficulties  of  the 
BcAject. 
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SECTION  XXT. 

It  is  not  by  vision  alone  tliat  a  knowledge  of  the 
sun's  rays  is  acquired, — touch  proves  that  ibejl 
have  the  power  of  raising  the  temperature  of  subr 
stances  exposed  to  their  action;  and  experi^nc^ 
likewise  teaches  that  remarkable  changes  a^ 
effected  by  their  chemical  agency.  Sir  William 
Herschel  discovered  that  rays  of  caloric,  which 
produce  the  sensation  of  heat,  exist  independently 
of  those  of  light ;  when  he  used  a  prism  of  flint 
glass,  he  found  the  warm  rays  most  abundant  in 
the  dark  space  a  little  beyond  the  red  extremity 
of  the  solar  spectrum,  from  whence  they  de- 
crease towards  the  violet,  beyond  which  they  aie 
insensible.  It  may  therefore  be  concluded  that 
the  calorific  rays  vary  in  refrangibility,  and  that 
those  beyond  the  extreme  red  are  less  refrangible 
than  any  rays  of  light.  Wollaston,  Hitter,  and 
Bcckman  discovered  simultaneously  that  invisible 
rays,  known  only  by  their  chemical  action,  exist 
in  the  dark  space  beyond  the  extreme  violet,  when 
there  is  no  sensible  heat :  these  are  more  refran- 
gible than  any  of  the  rays  of  light  or  heat,  and 
gradually  decrease  in  refrangibility  towards  the 
other  end  of  the  spectrum,  where  they  ceaie. 
Thus  the  solar  spectrum  is  proved  to  consist  of 
live  superposed  B^ett^i,  only  three  of  which. ue 
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visible— the  red,  yellow,  and  blue ;  each  of  the 
•five  varies  in  refirangibility  and  intensity  through- 
but  the  whole  extent,  the  visible  part  being  over- 
]a][yped  at  one  extremity  by  the  chemical,  and  at 
the  other  by  the  calorific  rays.  The  action  of  the 
cIMmical  rays  blackens  the  salts  of  silver,  and 
ilheir  influence  is  daily  seen  in  the  fading  of  v^- 
table  colours :  what  object  they  are  destined  to 
ticcomplish  in  the  economy  of  nature  remains 
imknown,  but  certain  it  is,  that  the  very  existence 
of  the  animal  and  vegetable  creation  depends  upon 
the  calorific  rays.  That  the  heat-producing  rays 
exist  independently  of  light  is  a  matter  of  constant 
experience  in  the  abundant  emission  of  them  from 
boiling  water,  yet  there  is  every  reason  to  believe 
tihat  both  the  calorific  and  chemical  rays  are  modi- 
fications of  the  same  agent  which  produces  the 
"Stosation  of  light.  The  rays  of  heat  are  subject 
ko  the  same  laws  of  reflection  and  refraction  with 
tiiose  of  light ;  they  pass  through  the  gases  with 
ttit  same  focility,  but  a  remarkable  diflerence 
^obtains  in  the  transmission  of  light  and  heat 
Iteough  most  solid  and  liquid  substances,  the  same 
fb€f&Y  being  often  perfectly  transparent  to  the  lumi- 
liofuff,  and  altogether  impermeable  to  the  calorific 
•it*ys.  The  experiments  of  M.  de  Laroche  show 
*that  glass,  however  thin,  totally  intercepts  the 
dbscure  rays  of  caloric  when  they  flow  from  a 
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body  wliose  temperature  is  lower  tlian  that  of  boil- 
ing water ;  that,  as  the  temperstore  incveaseB,  the 
calorific  rays  are  transmitted  more  and  more  abetA* 
dantly ;  and  when  the  body  becomes  highly  lumi- 
nous, that  they  penetrate  the  glass  with  pei^fect 
ease.  The  very  feeble  heat  of  moonlight  most  be 
incapable  of  penetrating  glass,  consequently  it 
does  not  sensibly  affect  the  thermometer,  even 
when  concentrated;  and,  on  the  contrary,  the  ex* 
treme  brilliancy  of  the  sim  is  probably  the  reason 
why  his  heat,  when  brought  to  a  focus  by  a  lens, 
is  more  intense  than  any  that  can  be  prodnced 
artificially;  and  it  is  owing  to  the  same  cause 
that  glass  screens,  which  entirely  exclude  the  heat 
of  a  common  fire,  are  permeable  by  the  solar 
caloric. 

The  results  of  de  Laroche  have  been  confirmed 
by  the  recent  experiments  of  M.  Melloni,  whence 
it  appears  that  the  calorific  rays  pass  less  abun- 
dantly, not  only  through  glass,  but  through  locb- 
crystal,  Iceland  spar,  and  other  diaphanous  bodiesi 
both  solid  and  liquid,  according  as  the  tempera^ 
ture  of  their  origin  is  diminished,  and  that  they 
are  altogether  intercepted  when  the  temperature 
is  about  that  of  boiling  water.  It  is  singular  that 
transparency  with  regard  to  light  is  totally  differ^ 
ent  from  the  power  of  transmitting  heat.  In 
bodies  possessing  the  same  degree  of  transparency 
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for  light,  the  quantitiea  of  heat  which  they  trans- 
mit  difOer  immensely,  though  proceeding  from  the 
aama  source.  The  transmissive  power  of  certaiB 
substances  having  a  dark  colour  exceeds  by  four 
or  five  times  that  of  others  perfectly  diaphanous^ 
and  the  cabrific  rays  pass  instantaneously  through 
black  glass  perfectly  opaque  to  light. 

The  property  of  transmitting  the  calorific  rays 
diminishes,  to  a  certain  degree,  with  the  thickness 
of  the  body  they  have  to  traverse,  but  not  so  much 
as  might  be  expected :  a  piece  of  very  transparent 
alum  transmitted  three  or  four  times  less  radiant 
heat  from  the  flame  of  a  lamp  than  a  piece  of 
nearly  opaque  quarts  about  a  hundred  times  as 
thick.  However,  the  influence  of  thickness  upont 
the  phenomena  of  transmission  increases  with  the 
decrease  of  temperature  in  the  origin  of  the  rays^ 
and  becomes  very  great  when  that  temperature  is 
low — a  circumstance  intimately  connected  with  the 
law  established  by  de  Laroche,  for  M.  MeUoui 
observed  that  the  differences  between  the  quantitiea 
of  caloric  transmitted  by  the  same  plate  of  glass, 
exposed  successively  to  several  sources  of  heat, 
diminished  with  the  thinness  of  the  plate,  and 
vanished  altogether  at  a  certain  limit,  and  that  a 
film  of  mica  transmitted  the  same  quantity  of 
caloric  whether  it  was  exposed  to  incandescent 
platina  or  to  a  mass  of  iron  heated  to  350^. 
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.:  Since  the  power  of  penetratiiig  gbuNi  wcreaaes 
in  proportioii  as  the  radiating  caloric  approachefi 
the  state  of  lights  it  seemed  to  indicate  .that: ithe 
aame  principle  takes  the  form  of  light  or  heat 
according  to  the  modification  it  receives,  and  th^t 
the  hot  rays  are  only  invisihle  light,  aind  rlig^ 
luminous  caloric ;  and  it  ^as  natural  to  infer  th^t^ 
in  the  gradual  approach  of  invisible  caloric  to. the 
condition  and  properties  of  luminous  caloric,  the 
invisible  rays  must  at  first  be  analogous  to  the 
least  calorific  part  of  the  spectrum,  which  is  at  the 
violet  extremity,  an  analogy  which  appeared  to  be 
greater,  by  all  flame  being  at  first  violet  or  blue, 
and  only  becoming  white  when  it  has  attained 
the  greatest  intensity.  Thus,  as  diaphanous 
bodies  transmit  light  with  the  same  facility  whe- 
ther proceeding  from  the  sun  or  from  a  glow-worm, 
and  that  no  substance  had  hitherto  been  found 
which  instantaneously  transmits  radiant  caloric 
coming  from  a  source  of  low  temperature,  it  was 
concluded  that  no  such  substance  exists,  and 
the  great  difference  between  the  transmission  of 
light  and  radiant  heat  was  thus  referred  to  the 
nature  of  the  agent  of  heat,  and  not  to  the  action 
of  matter  upon  the  calorific  rays.  M.  Melloni 
has,  however,  discovered  in  rock-salt  a  substance 
which  transmits  radiant  heat  with  the  same  fad* 
lity  whether  it  originates  in  the  brightest  flame 
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or  luke-wana  water,  and  which  conaecjuently  poa- 
ceaaea  the  same  permeability  with  regard  to  heat 
that  all  diaphanous  bodies  have  for  light.  It  ibl» 
lows,  therefore,  that  the  impermeability  of  glass  and 
other  substances  for  heat  arises  from  their  action 
upon  the  calorific  rays,  and  not  from  the  principle 
of  heat  But,  although  this  discovery  changes  the 
received  ideas  drawn  from  de  Laroche's  experi- 
ments, it  establishes  a  new  and  unlooked-for 
analogy  between  these  two  great  agents  of  nature. 
The  probability  of  light  and  heat  being  modifi- 
cations of  the  same  principle  is  not  diminished 
by  the  calorific  rays  being  unseen,  for  the 
condition  of  visibility  or  invisibility  may  only 
depend  upon  the  construction  of  our  eyes,  and 
not  ui>on  the  nature  of  the  agent  which  pro- 
duces these  sensations  in  us.  The  sense  of 
seeing,  like  that  of  hearing,  may  be  confined 
within  certain  limits ;  the  chemical  rays  beyond 
the  violet  end  of  the  spectrum  may  be  too  rapid 
or  not  sufficiently  excursive  in  their  vibrations  to 
be  visible  to  the  human  eye;  and  the  calorific 
rays  beyond  the  other  end  of  the  spectrum  may 
not  be  sufficiently  rapid  or  too  extensive  in  their 
undulations  to  afiect  our  optic  nerves,  though  both 
may  be  visible  to  certain  animals  or  insects.  We 
are  altogether  ignorant  of  the  perceptions  which 
direct  the  carrier-pigeon  to  his  home^  and  tVit. 
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Yultiire  to  his  prey,  before  ke  himself  is  ^nsible 
e^en  as  a  speck  in  the  heavens.;  or  of  those  in 
the  antennae  of  insects  which  warn  them  of  the 
approach  of  danger:  so  likewise  beings  may 
exist  on  earth,  in  the  air,  or  in  the  waters,  whidhi 
hear  sounds  our  ears  are  incapable  of  hearing, 
and  which  see  rays  of  light  and  heat  of  which  we 
are  unconscious.  Our  perceptions  and  faculties 
are  limited  to  a  very  small  portion  of  that  immense 
chain  of  existence  which  extends  from  the  Creator 
to  evanescence.  The  identity  of  action  under 
fidmilar  circiunstanoes  is  one  of  the  strongest  argu- 
ments in  favour  of  the  common  nature  of  the 
chemical,  visible,  and  calorific  rays.  They  are  all 
capable  of  reflection  from  polished  surfeu^es,  of 
refraction  through  diaphanous  substances,  of  po- 
larization by  reflection  and  by  doubly  refracting 
crystals;  none  of  these  rays  add  sensibly  to  the 
weight  of  matter ;  their  velocity  is  prodigious,  they 
may  be  conceutrated  and  dispersed  by  convex 
and  concave  mirrors;  light  and  heat  pass  with 
equal  facility  through  rock-salt,  and  both  are  ca- 
pable of  radiation ;  the  chemical  rays  arc  subject 
to  the  same  law  of  interference  with  those  of 
light ;  and  although  the  interference  of  the  calo- 
rific rays  has  not  yet  been  proved,  there  is  no 
reason  to  suppose  that  they  differ  from  the  others 
in  this  instance.    As  the  acXioti  q£  noltec  in  so 
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many  cases  is  the  same  on  tke  whde  aBsemblage 
•f  rays,  visible  and  invisible,  wbich  constitute  a 
solar  beam,  it  is  more  than  probaUe  that  the 
obscure,  as  well  as  the  luminous  part,  is  propa-* 
^atcd  by  the  undulations  of  an  imponderable  ether; 
and  consequently  comes  under*  the  same  laws  of 
analysui. 

Liquids,  the  various  kinds  of  glass,  and  probably 
all  substances,  whether  solid  or  liquid,  that  do 
not  crystallize  regularly,  are  more  pervious  to  the 
calorific  rays  according  as  they  possess  a  greater 
refinacting  power.  For  example,  iht  chlorid  of 
sulphur,  which  has  a  high  refracting  power,  trans* 
mits  more  of  the  calorific  rays  than  the  oils  which 
have  a  less  refracting  power :  oils  transmit  more 
radiant  heat  than  the  acids,  the  acids  more  than 
aqueous  solutions,  and  the  latter  more  than  pura 
water,  which,  of  all  the  series,  has  the  least  refract- 
ing power,  and  is  the  least  pervious  to  heat.  M. 
Melloni  observed  also  that  each  ray  of  the  solar 
spectrum  follows  the  same  law  of  action  with  that 
of  terrestrial  rays  having  their  origin  in  sources  of 
different  temperatures,  so  that  the  very  refrangiUje 
rays  may  be  compared  to  the  heat  emanating  fiom 
a  focus  of  high  temperature,  and  the  least  refiraa- 
gible  to  the  heat  which  comes  from  a  source  of 
kw  temperature.  Thus,  if  the  calorific  rays 
emeaeging  £xmi  a  prism  be  made  to  faaA  VJbcrao^i 
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layer  of  water  contained  betwe^  two-pht^  bl 
glass,  it  will  be  found  that  these  rays  jsiifibr  a  "tote 
in  passing  through  the  liquid  as  much  gMter'te 
their  refrangibility  is  less.  The  rays  of  heat  that 
are  mixed  with  the  blue  or  violet  light  pass'iii 
great  abundance,  while  those  in  the  obscote  ptfrt 
which  follows  the  red  light  are  almost  totally  iti^ 
tercepted.  The  first,  therefore,  act  like  the  he&t 
of  a.  lamp,  and  the  last  like  that  of  boiling  water!': 
These  circumstances  explain  the  phenomena 
observed  by  several  philosophers  with  Tegard  to 
the  point  of  greatest  heat  in  the  solar  spectruln, 
which  varies  with  the  substance  of  the  prism.  It 
has  already  been  observed  that  Sir  William  Her* 
achel,  who  employed  a  prism  of  flint  glass,  found 
that  point  to  be  a  little  beyond  the  red  extremity 
of  the  spectrum,  but,  according  to  M.  Seebeck,  il 
is  found  to  be  upon  the  yellow,  upon  the  orange* 
on  the  red,  or  at  the  dark  limit  of  the  red,  accord-' 
ing  as  the  prism  consists  of  water,  sulphuric^ 
acid,  crown  or  flint  glass.  If  it  be  recollected 
that,  in  the  spectrum  from  crown  glass,  the 
maximum  heat  is  in  the  red  part,  and  that  the 
solar  rays,  in  traversing  a  mass  of  water,  sUfifer 
losses  inversely  as  their  refrangibility,  it  will  b6 
easy  to  understand  the  reason  of  the  phenomenon 
in  question.  The  solar  heat  which  comes  to  the 
anterior  &ce  of  the  prism  of  water  consists  of  rays 
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ff  9M  degrees  of  refxangibility.     Now^  iht  rayt 
povBessipg  the  same  index  of  refr»otion  with  the 
D^' light  suffer  a  greater  loss  in  passing  throagh 
iJ^e  .piism  than  the  rays  possessing  the  refrangibi-* 
Uty  of  the  orange  light,  and  the  latter  lose  less  in 
ibj^  passage  than  the  heat  of  the  yellow.    ThuSy' 
the  losses,  heing  inversely  proportional  to  the 
degree  of  refrangihility  of  each  ray,  cause  thtf 
point  of  maximum  heat  to  tend  from  the  reli 
towards  the  violet,  and  therefore  it  rests  upon  the 
yellow  part.     The  prism  of  sulphuric  acid,  acting 
similarly,  but  with  less  energy  than  that  of  water," 
throws  the  point  of  greatest  heat  on  the  orange  f 
Hot  the  same  reason  the  crown  and  flint  glass 
prisms  transfer  that  point  respectively  to  the  red 
and  to  its  limit.    M.  Melloni,  observing  that  thtf 
maximum  point  of  heat  is  transferred  farther  iemd 
farther  towards  the  red  end  of  the  spectrum,  ac- 
cording as  the  substance  of  the  prism  is  more  and 
more  permeable  to  heat,  inferred  that  a  prism' 
^f  rock-salt,  which  possesses  a  greater  power  of 
transmitting  the  calorific  rays  than  any  knowA' 
body,  ought  to  throw  the  point  of  greatest  heat  to 
a  considerable  distance  beyond  the  visible  part  of 
the  spectrum — an  anticipation  which  experiment 
ftilly  confirmed,  by  placing  it  as  much  beyond  the 
dask  limit  of  the  red  rays  as  the  red  part  is  distant 
frpm  the  bluish-green  band  of  the  spectrum.'  •    ' 
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When  radiant  heat  &Ik  upom  a  amface^rpttrt^f 
k  is  leflected  and  part  of  it  ia  absorbed^' .conacH 
qoently  the  heat  leflecton  poasess  the  Icaat  abaoc^ 
iag  powers.  The  absorption  of  the:  am'a  ra^ 
ia  the  cause  both  of  the  coloiir  and  tempemtiire 
of  solid  bodies.  A  black  substaxice  abaoaba  all 
the  rays  of  light,  and  reflects  none;  and  aincQ.ii! 
absorbs  at  the  same  time  all  the  calorific  rajs,  it 
becomes  sooner  warm,  and  rises  to  a  higher  tenn- 
perature,  than  bodies  of  any  other  colour.  Bhie 
bodies  come  next  to  black  in  their  power  of  t3kf 
sorption.  Of  all  the  colours  of  the  aolar  speetmm^ 
theblue  possesses  least  of  the  heating  power;  ami 
aince  substances  of  a  blue  tint  absorb  all  the  other 
occurs  of  the  spectrum,  they  absorb  by  hx  ibm 
grepitest  part  of  the  calorific  rays, .  and  reflect  the 
blue  where  they  are  least  abundant.  Next  ia 
order  come  the  green,  ydilow,  red,;  and,  laat  of  all^ 
white  bodies,  which  reflect  nearly  aU  the  rays  both 
of  light  and  heaL  The  temperature  of  very  tranan 
parent  fluids  ia  not  raised  by  the  passage  of  tfaa 
sun's  rays,  because  they  do  not  absorb  sooty  cC 
them,  and  as  his  heat  is  very  intense,  transpaieDt 
solids  arrest  a  very  small  portion  of  it. 

Bays  of  heat  proceed  in  diverging  straight  Unes 
from  each  point  in  the  surfaces  of  hot  bodies,  ia 
the  same  manner  as  diverging  rays  of  light  dirt 
bom  every  point  id  the  sur^Etcea  of  those  that  aie 


knniiious.  Heated  BubstAnceB,  wben  exposed  to 
te  open  air,  continue  to  radiate  caloric  till  they 
become  nearly  of  the  temperature  of  the  surround* 
i&g  medium.  The  radiation  is  very  rapid  at  first, 
but  diminishes,  according  to  a  known  law,  with  the 
temperature  of  the  heated  body.  It  appears  also 
that  the  radiating  power  of  a  Surface  is  inversely 
as  its  reflecting  power ;  and  bodies  that  are  most 
impermeable  to  heat  radiate  least.  According  to  the 
experiments  of  Sir  John  Leslie,  radiation  proceeds 
not  only  from  the  surfhces  of  substances,  but  also 
from  the  particles  at  a  minute  depth  below  it.  He 
found  that  the  emission  is  most  abundant  in  a  di« 
'rcction  perpendicular  to  the  radiating  surface,  and 
ia  more  rapid  from  a  rough  than  from  a  polished 
voAce :  radiation,  however,  can  only  take  plaoe 
in  air  and  in  vacuo ;  it  is  altogether  insensible 
when  the  hot  body  is  inclosed  in  a  solid  of  liquid. 
An  substances  may  be  considered  to  radiate  calo* 
ricy  whatever  their  temperature  may  be,  though 
with  different  intensities,  according  to  their  natuie^ 
the  state  of  their  surfaces,  and  the  temperature  of 
the  medium  into  which  they  are  brought  But 
every  surface  absorbs,  as  well  as  radiates,  caloric  ; 
and  the  power  of  absorption  is  always  equal  to 
that  of  radiation,  for  it  is  found  that,  under  the 
game  eircumstances,  matter  which  becomes  soon 
vann  also  cools  rapidly.     There  ia  %  comXiuA 
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tendency  to  an  equal  difiiision  of  caloric,  since 
every  body  in  nature  is  giving  and  receiving  it  at 
the  same  instant ;  each  will  be  of  tmiform  tem- 
perature when  the  quantities  of  caloric  given  and 
received  during  the  same  time  are  equal,  that  is, 
M'hen  a  x)erfcct  compensation  takes  place  between 
each  and  all  the  rest.  Our  sensations  only  mea- 
sure comparative  degrees  of  heat :  when  a  body, 
such  as  ice,  ap|)ears  cold,  it  imparts  fewer  calorific 
ravs  than  it  receives ;  and  when  a  substance  seems 
to  be  warm, — for  example,  a  fire, — it  ^ves  more 
caloric  than  it  takes.  The  phenomena  of  dew  and 
hoar-frost  are  owing  to  this  inequality  of  exchange, 
for  the  caloric  radiated  during  the  night  by  sub- 
stances on  the  surface  of  the  earth  into  a  clear 
expanse  of  sky  is  lost,  and  no  return  is  made  from 
the  blue  vault,  so  that  their  temperature  sinks 
below  that  of  the  air,  from  whence  they  abstract  a 
part  of  that  caloric  which  holds  thie  atmospheric 
humidity  in  solution,  and  a  deposition  of  dew 
takes  place.  If  the  radiation  be  great,  the  dew  is 
frozen,  and  becomes  hoar-frost,  *  which  is  the  ice 
of  dew.  Cloudy  weather  is  unfavourable  to  the 
formation  of  dew,  by  preventing  the  free  radiation 
of  caloric,  and  actual  contact  is  requisite  for  its 
deposition,  since  it  is  never  suspended  in  the  air, 
like  fog.  Plants  derive  a  great  part  of  their 
nourishment  from  t\via  «ouTce  \  and  as  each  pos- 
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■esses  a  power  of  radiation  peculiar  to  itself,  tbey 
ere  capable  of  procuring  a  sufficient  supply  for 
their  wants. 

Rain  is  formed  by  the  mixing  of  two  masses  of 
air  of  different  temperatures ;  the  colder  part,  by 
abstracting  from  the  other  the  heat  which  holds 
it  in  solution,  occasions  the  particles  to  approach 
each  other  and  form  drops  of  water,  which,  be- 
coming too  heavy  to  be  sustained  by  the  atmo- 
sphere, sink  to  the  earth  by  gravitation  in  the 
form  of  rain.  The  contact  of  two  strata  of  air  of 
different  temperatures,  moving  rapidly  in  opposite 
directions,  occasions  an  abundant  precipitation  of 
rain. 

An  accumulation  of  caloric  invariably  produces 
light :  with  the  exception  of  the  gases,  all  bodies 
which  can  endure  the  requisite  degree  of  heat 
without  decomposition  begin  to  emit  light  at  the 
same  temperature ;  but  when  the  quantity  of  calo- 
xic  is  so  great  as  to  render  the  affinity  of  their 
component  particles  less  than  their  affinity  for  the 
oxygen  of  the  atmosphere,  a  chemical  combination 
takes  place  with  the  oxygen,  light  and  heat  are 
evolved,  and  fire  is  produced.  Combustion — so 
essential  for  our  comfort,  and  even  existence — takes 
place  very  easily  from  the  small  affinity  between 
the  component  parts  of  atmospheric  air,  the  oxy- 
gen, being  nearly  in  a  free  state;  but  sa \\!A  ^^^- 
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aive  force  of  the  particles  of  diflSecent  ■ukrtanctt 
i»  very  variable,  different  degrees  of  heat  are  reqiii* 
site  to  produce  their  combustion.  The  tendencj 
of  heat  to  a  state  of  equal  difiiudon  or  eqttilibriuiz)» 
4Mther  by  radiation  or  contact,  makes  it  neoessazj 
ihat  the  chemical  combination  which  occanons 
xsombustion  should  take  place  instantaneously ;  for 
if  the  heat  were  developed  progressively,  it  would 
be  dissipated  by  degrees,  and  would  never  aocu- 
mulate  sufEdently  to  produce  a  temperature  hi§^ 
enough  for  the  evolution  of  flame. 

Though  it  is  a  general  law  that  all  bodies  ex* 
pand  by  heat  and  contract  by  cold,  yet  the  abso- 
lute  change  depends  upon  the  nature  of  the  sub- 
stance. Gases  expand  more  than  liquids,  and 
liquids  more  than  solids.  The  expansion  of  air  is 
moie  than  eight  times  that  of  water,  and  the 
increase  in  the  bulk  of  water  is  at  least  forty-five 
times  greater  than  that  of  iron.  The  expan- 
sion of  solids  and  liquids  increases  uniformly 
with  the  temperature,  between  certain  limits, 
this  change  of  bulk,  corresponding  to  the  varia- 
tion of  heat,  is  one  of  the  most  important  of 
its  efiEects,  since  it  furnishes  the  means  of  mea- 
suring relative  temperature  by  the  thermometer 
and  pyrometer.  The  expansive  force  of  caloiic 
has  a  constant  tendency  to  overcome  the  attractioa 
of  cohesion,  and  to  separate  the  constituent  par- 
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tkteB  of  volids  and  fiuida ;  fay  this  Beparttion  the 
attaGtion  of  aggregatioii  it  more  and  mott  weak-^ 
eaed,  till  at  last  it  is  entirely  orercoiiie,  or  even 
changed  into  repulsion.  By  the  continual  addi« 
tiim  of  caloric,  solids  may  be  made  to  pass  ihtar 
liquids,  and  from  liquids  to  the  aCriform  state,  the 
dilatation  increasing  with  the  temperature;  fant 
every  substance  expands  according  to  a  law  of  its 
own.  Metals  dilate  uniformly  from  the  freeidng 
to -the  boiling  points  of  the  thermometer;  the 
uniform  expansion  of  the  gases  extends  between 
still  wider  limits ;  but  as  liquidity  is  a  state  of 
tnmsition  from  the  solid  to  the  aCriform  condition^ 
the  equable  dilatation  of  liquids  has  not  so  exten-^ 
sive  a  range.  The  rate  of  expansion  of  solida 
varies  at  their  transition  to  liquidity,  and  that  of 
Hquids  is  no  longer  equable  near  their  change  to 
an  aSriform  state.  There  are  exceptions,  however, 
to  the  general  laws  of  expansion-;  some  liquids 
have  a  maximum  density  corresponding  to  a  oer* 
tain  temperature,  and  dilate  whether  that  tempenK 
tore  be  increased  or  diminished.  For  example,—^ 
water  expands  whether  it  be  heated  above  or  cooled 
bdow  40^.  The  solidification  of  some  liquids, 
and  especially  their  crystallization,  is  always  ac«> 
eompanied  by  an  increase  of  bulk.  Water  dilalM 
rapidly  when  converted  into  ice,  and  with  a  fortt 
sufficient  to  split  the  hardest  substanoes.    The 

r2 
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bottom  of  lalccs  fed  from  alpine  cbains  is  so  cold  j 
for  the  heat  of  the  sun  is  transfused  bujt  a  little 
way  below  the  surface.  When  heat  is  appHed 
belnw  a  liquid,  the  particles  continually  rise  as 
they  become  specifically  lighter,  in  consequence 
of  the  caloric,  and  diffuse  it  through  tbe  masi^ 
their  place  being  perpetually  supplied  by  flxwe 
that  are  more  dense.  The  power  of  conducting 
heat  varies  materially  in  different  liquids.  Mer- 
cury conducts  twice  as  fast  as  an  equal  bulk  of 
water,  which  is  the  reason  why  it  appears  to  be 
so  cold.  A  hot  body  difihses  its  caloric  in  the  air 
by  a  double  process.  The  air  in  contact  with  it^ 
being  heated,  and  becoming  lighter,  ascends  and 
scatters  its  caloric,  while  at  the  same  time  another 
portion  is  discharged  in  straight  lines  by  the  radi- 
ating powers  of  the  surface.  Hence  a  substance 
cools  more  rapidly  in  air  than  in  vacuo,  because 
in  the  latter  case  the  process  is  carried  on  by 
radiation  alone.  It  is  probable  that  the  earth, 
having  originally  been  of  very  high  temperature, 
has  become  cooler  by  radiation  only.  The  ethereal 
medium  must  be  too  rare  to  carry  off  much  caloric. 
Besides  the  degree  of  heat  indicated  by  the 
thermometer,  caloric  pervades  bodies  in  an  imper- 
ceptible or  latent  state;  and  their  capacity  for 
heat  is  so  various,  that  very  different  quantities  of 
caloric  are  required  to  raise  different  substances 
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to  the  same  sensible  temperature;  it  is  therefore 
evident  that  much  of  the  caloric  is  absorbed,  or 
latent  and  insensible  to  the  thermometer.  The 
portion  of  caloric  requisite  to  raise  a  body  to  a 
given  temperature  is  its  speciBc  heat ;  but  latent 
heat  is  that  portion  of  caloric  which  is  employed 
IB  changing  the  state  of  bodies  from  solid  to  liquid^ 
and  £rom  liquid  to  vapour.  When  a  solid  is  con- 
verted into  a  liquid,  a  greater  quantity  of  calorie 
enters  into  it  than  can  be  detected  by  the  thermo- 
meter; this  accession  of  caloric  does  not  make 
ihe  body  warmer,  though  it  converts  it  into  a 
liquid,  and  is  the  principal  cause  of  its  fluidity. 
loe  remains  at  the  temperature  of  32^  of  Fahren- 
heit till  it  has  combined  with  or  absorbed  140^ 
of  caloric,  and  then  it  melts,  but  without  raising 
the  temperature  of  the  water  above  32°;  so  that 
water  is  a  compound  of  ice  and  caloric.  On  the 
contrary,  when  a  liquid  is  converted  into  a  solid, 
a  quantity  of  caloric  leav&i  it  without  any  dimi- 
nution of  its  temperature.  Water  at  the  temr- 
perature  of  32°  must  part  with  140°  of  caloric 
befiwe  it  freezes.  The  slowness  with  which  water 
fimezes,  or  ice  thaws,  is  a  consequence  of  the  time 
xequired  to  give  out  or  absorb  140°  of  latent 
heat.  A  considerable  degree  of  cold  is  often 
&\t  during  a  thaw,  because  the  ice,  in  its  tran- 
flition  from  a  solid  to  a  liquid  state,  absorbs  sen- 
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aiUe heat  £rom  the  atmosphere  and-  otlterbodib, 
and,  by  renderiDg  it  latent,  maintaiiifl  •  them -at 
the  temperatare  of  32®  while  melting.     Accoid>-^ 
ing  to  the  same  principle,  vapoiir  ia  a  combini^ 
tion  of  caloric  with  a  liquid.     About  1000^  of 
latent  heat  exists  in  steam  without  raising  ita 
temperature :  that  is,  boiling  water,  at  the  tem^ 
perature  of  212°,  must  absorb  about  1000°  «f 
caloric  before  it  becomes  steam;   and  steam  at 
1212°  must  part  with  the  same  quantity  of  lateht- 
caloric  when  condensed  into  water.     The  elastic' 
city  of  steam  may  be  increased  to  an  enormona' 
d^pree  by  increasing  its  temperature  under  pres^ 
sure,  yet  its  latent  heat  remains  the  same ;  how* 
ever,  it  acquires  an  additional  quantity,  if  allowed 
to  expand ;  so  that  the  latent  heat  of  high-pressure 
steam  issuing  from  a  boiler  is  really  two-fold — ^the* 
latent  heat  of  elastic  fluidity  and  that  of  expan-' 
fiion.     High-pressure  steam  expands  the  instant' 
it  comes  into  the  air ;  the  latent  heat  of  expansion 
is  increased  at  the  expense  of  the  latent  heat  of 
fluidity,  in  consequence  of  which,  a  portion  of  the 
steam  is  instantly  condensed,  and  then  the  re- 
maining portion,  being  mixed  with  air  and  particles' 
of  water,  is  so  much  reduced  in  temperature,  that 
the  hand  may  be  plunged,  without  injury,  into" 
high-pressure  steam,  the  instant  it  issues  from  the 
oriflce  of  a  boiler.    ' 


.  r  The  latent  heat  of  air,  and  of  all  elastic  Auids,' 
siay  be  forced  out  by  sudden  compreftnion,  fike 
«tiieezing  water  out  of  a  sponge.  The  quantity 
of 'heat  brought  into  action  in  this  way  is  very 
well  illustrated  in  the  experiment  of  igniting  a 
piece  of  tinder  by  the  sudden  compression  of  air  by 
a  piston  thrust  into  a  cylinder  closed  at  one  end: 
the  developement  of  heat  on  a  stupendous  scale 
ia  exhibited  in  lightning,  which  is  produced  by  the 
violent  compression  of  the  atmosphere  during  the 
passage  of  the  electric  fluid.  Prodigious  quanti- 
ties of  heat  are  constantly  becoming  latent,  or  are* 
disengs^ed  by  the  changes  of  condition  to  which 
substances  are  liable  in  passing  from  the  solid  to 
tjbe  liquid,  and  from  the  liquid  to  the  gaseous 
form,  or  the  contrary,  occasioning  endless  vicissi- 
tudes of  temperature  over  the  globe. 

The  application  of  heat  to  the  various  branches 
of  the  mechanical  and  chemical  arts  has,  within  a 
few  years,  effected  a  greater  change  in  the  condi- 
tion of  man  than  had  been  accomplished  in  any 
equal  period  of  his  existence.     Armed  by  the  ex*' 
pansion  and  condensation  of  fluids  with  a  power' 
equal  to  that  of  the  lightning  itself,  conquering' 
time  and  space,  he  flies  over  plains,  and  travels- 
on  paths  cut  by  human  industry  even  through' 
mountains,  with  a  velocity  and  smoothness  more' 
like  planetary  than  terrestrial  motion ;  he  crosses 
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the  deq)  in  apposition  to  wind  and  tide;  by 
rekaeing  the  strain  on  the  cable,  he  rides  «t 
anchor  fearless  of  the  storm ;  he  makes  the  ele- 
ments of  air  and  water  the  carriers  of  warmth,  not 
only  to  banish  winter  from  his  home,  but  to  adonl 
it  even  during  the  snow-st;pTm  with  the  blossoms 
of  spring ;  and  like  a  magician,  he  raises  from  the 
gloomy  and  deep  abyss  of  the  mine,  the  spirit  (^ 
light  to  dispel  the  midnight  darkness. 

It  has  been  observed  that  heat,  like  light  and 
sound,  probably  consists  in  the  undulations  of  an 
elastic  medium.  All  the  principal  phenomena  of 
heat  may  actually  be  illustrated  by  a  comparison 
with  those  of  sound.  The  excitation  of  heat  and 
sound  are  not  only  similar,  but  often  identical,  as 
in  friction  and  percussion ;  they  are  botb  commu- 
nicated by  contact  and  radiation ;  and  Dr.  Young 
observes,  that  the  effect  of  radiant  heat  in  rais« 
ing  the  ■  temperature  of  a  body  upon  which  it 
falls  resembles  the  sympathetic  agitation  of  a 
string,  when  the  sound  of  another  string,  which 
is  in  unison  with  it,  is  transmitted  to  it  through 
the  air.  Light,  heat,  sound,  and  the  waves  of 
fluids,  are  all  subject  to  the  same  laws  of  reflection, 
and,  indeed,  their  undulatory  theories  are  perfectly 
similar.  If,  therefore,  we  may  judge  from  analogy, 
the  undulations  of  some  of  the  heat-producing  rays 
must  be  less  frequent  than  those  of  the  extreme  led 
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of  vblidB  and  fluids ;  by  this  separation  the 
attraction  of  aggre^tion  is  more  and  more  vteMk-^ 
eaed,  till  at  last  it  ra  entirely  overcome^  or  even 
changed  into  repulsion.  By  the  continual  addi- 
liim  of  caloric,  solids  may  be  made  to  pass  ihto 
liquids,  and  from  liquids  to  the  a&riform  state,  the 
dilatation  increasing  with  the  temperature;  but 
every  substance  expands  according  to  a  law  of  its 
own.  Metals  dilate  uniformly  from  the  freezing 
to  the  boiling  points  of  the  thermometer;  the 
uniform  expansion  of  the  gases  extends  between 
still  wider  limits ;  but  as  liquidity  is  a  state  of 
transition  from  the  solid  to  the  aeriform  condition, 
^e  equable  dilatation  of  liquids  has  not  so  exten-^ 
sive  a  range.  The  rate  of  expansion  of  solids 
varies  at  their  transition  to  liquidity,  and  that  of 
liquids  is  no  longer  equable  near  dieir  change  to 
an  aeriform  state.  There  are  exceptions,  however, 
to  the  general  laws  of  expansion-;  some  liquids 
have  a  maximum  density  corresponding  to  a  oer« 
tain  temperature,  and  dilate  whether  that  teinpera^ 
tore  be  increased  or  diminished.  For  example,—^ 
water  expands  whether  it  be  heated  above  or  codied 
below  40^.  The  solidification  of  some  liquids^ 
and  especially  their  crystallization,  is  always  ac- 
companied by  an  increase  of  bulk.  Water  dilates 
rapidly  when  converted  into  ice,  and  with  a  Ibroe 
sufficient  to  split  the  hardest  fiuib«XatMN««    *Y[^ 
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any  number  of  superposed  undulations,  all  of 
which  have  their  perfect  and  independent  eJGfeCt. 
Here  our  knowledge  ends ;  the  mysterious  influ- 
ence of  matter  on  mind  will  in  all  probability 
be  for  ever  hid  from  man. 


SECTION  XXVI. 

The  sun  and  some  of  the  planets  appear  to  be 
surrounded  with  atmospheres  of  considerable  den- 
sity. According  to  the  observations  of  Schroeter, 
the  atmosphere  of  Ceres  is  more  than  668  miles 
high,  and  that  of  Pallas  has  an  elevation  of  465 
miles.  It  is  remarkable  that  not  a  trace  of  atmo- 
sphere can  be  |)erceived  in  Vesta,  and  that  Jupiter, 
Saturn,  and  Mars,  have  very  little.  The  attrac- 
tion of  the  earth  has  probably  deprived  the  moon 
of  hers,  for  the  refractive  power  of  the  air  at  the 
surface  of  the  earth  is  at  least  a  thousand  times 
as  great  as  the  refraction  at  the  surface  of  the 
moon.  The  lunar  atmosphere,  therefore,  must  be 
of  a  greater  degree  of  rarity  than  can  be  produced 
by  our  best  air-pumps;  consequently  no  terres- 
trial animal  could  exist  in  it. 

What  the  body  of  the  sun  may  be,  it  is  impos- 
sible to  conjecture ;  but  he  seems  to  be  surrounded 
by  a  mottled  ocean  of  flame,  through  which  his 
dark  nucleus  appears  like  black  spots,  often  of 
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The  velocity  of  the  discharge  is  directly  pro- 
portional to  the  temperature,  and  inversely  M 
the  length  of  the  bar.  As  there  are  perpetual 
variations  in  the  temperature  of  all  terrestrial 
substances,  and  of  the  atmosphere,  from  the  rota- 
tion of  the  earth  and  its  revolution  round  the  sun, 
from  combustion,  friction,  fermentation,  electri- 
city, and  an  infinity  of  other  causes,  the  tendency 
to  restore  the  equability  of  temperature  by  the 
transmission  of  caloric  must  maintain  all  the 
particles  of  matter  in  a  state  of  perpetual  oscilla- 
tion, which  will  be  more  or  less  rapid  according 
to  the  conducting  powers  of  the  substances.  From 
the  motion  of  the  heavenly  bodies  about  their 
axes,  and  also  round  the  sun,  exposing  them  to 
perpetual  changes  of  temperature,  it  may  be  in- 
ferred that  similar  causes  will  produce  like  effects 
in  them  too.  The  revolutions  of  the  double  stars 
show  that  they  arc  not  at  rest,  and  though  we  are 
totally  ignorant  of  the  changes  that  may  be  going 
on  in  the  nebulce  and  millions  of  other  remote 
bodies,  it  is  more  than  probable  that  they  are  not 
in  absolute  repose ;  so  that,  as  far  as  our  know- 
ledge extends,  motion  seems  to  be  a  law  of  matter. 
Heat  applied  to  the  surface  of  a  fluid  is  pro- 
pagated downwards  very  slowly,  the  warmer,  and 
consequently  lighter  strata  always  remaining  «1 
the  top.    This  is  the  reason  why  t\wi  -w^X^t  ^X.  ^^ 
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Umms,  and  probably  imparta  soane  degree  of 
mamtlL  Batif weconudortliatwiterivtoiiliiBe^ 
icnudn  fluid  in  any  part  of  Man,  even  d  bit 
equator,  and  that  in  the  tonperate  aonesof  the 
aame  planet  even  akohol  and  quieknliTer  irould 
freeae,  we  may  form  wmie  idea  of  the  cold  thai 
nrast  reign  in  Uranus,  though  it  cannot  ezcecA 
that  of  the  surrounding  space. 

It  is  found  by  experience  that  heat  ia  developed 
in  opaque  and  translucent  substanoea  by  ihea 
absorption  of  scdar  light,  but  that  iht  aun'a  raya 
do  not  alter  the  temperature  of  perfectly  transpa* 
rent  bodies  through  which  they  paae.  As  the 
temperature  oi  the  pellucid  planetary  space  can*? 
not  be  affected  by  the  passage  of  the  sun'a  light 
and  heat,  neither  can  it  be  raised  by  the  heat  »« 
diated  from  the  earth,  consequently  its  tempera- 
ture must  be  invariable.  The  atmoepbeie,  on  the 
contrary,  gradually  increasing  in  density  towards 
the  surface  of  the  earth,  becomes  less  pellucid,  and 
therefore  gradually  increases  in  temperature  both 
firom  the  direct  action  of  the  sub,  and  from  the 
radiation  of  the  earth.  Lambert  had  proved  that 
the  capacity  of  the  atmosphere  for  heat  varies 
according  to  the  same  law  with  its  capacity  Ibc 
absorbing  a  ray  of  light  passing  through  it  from 
the  zenith,  whence  M.  Svanberg  found  that  the 
temperature  of  space  is  58P  below  the  zero  point 
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of  Fahrenheit's  thennometer;  and  from  other  fe^ 
«earche%  founded  upon  the  rate  and  quantity  cf 
atmoapheric  refraction,  he  obtained  a  result  which 
only  di£Een  frmn  the  preceding  fay  half  a  degree. 
iL  Fourior  has  arrived  at  neaily  the  same  ooiidw* 
aion,  from  the  law  of  the  radiation  of  the  heat  of 
ibe  terrestrial  spheroid,  on  the  hypothesis  €i  its 
having  nearly  attained  its  limit  of  temperatuie  in 
cooling  down  from  its  supposed  primitive  state  of 
fusion.  The  differenoe  in  the  result  of  these  three 
methods,  totally  independent  of  one  another,  only 
amounts  to  the  fraction  of  a  degree.  Thus,  as  the 
temperature  of  space  is  unifonn,  it  follows  that  no 
part  of  Uranus  can  experience  more  than  90^  of 
cold,  which  only  exceeds  that  which  Sir  Edward 
Parry  suffered  during  one  day  at  Melville  Island, 
hyS^ 

The  climate  of  Venus  more  nearly  resembke 
that  of  the  earth,  though,  exciting  perhaps  at  her 
pdes,  much  too  hot  for  animal  and  vegetable  hlb 
CB  they  exist  here :  but  in  Mercury,  the  mesas 
beat,  arising  only  from  the  intensity  of  the  sim*B 
nys,  must  be  above  that  of  boiling  quicksihcr, 
and  water  would  boil  even  at  his  pdes.  Thns  tb6 
planets,  though  kindred  with  the  earth  in  motHm 
and  structure,  are  totally  imfit  for  the  habitation 
of  such  a  being  as  man. 

The  diiect  light  of  the  son  has  been  esthnated 
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bottom  of  lakes  fed  from  alpine  chains  is  so  cold'; 
lor  the  heat  of  the  sun  is  transfused  hvit  a  litde 
tray  below  the  surface.  When  heat  is  applied 
below  a  liquid,  the  particles  continually  rise  as 
they  become  specifically  lighter,  in  consequence 
of  the  caloric,  and  diffuse  it  through  the  niafl% 
their  place  being  perpetually  supplied  by  those 
that  ane  more  dense.  The  power  of  conducting 
heat  varies  materially  in  different  liquids.  Mer- 
cury conducts  twice  as  fast  as  an  equal  bulk  of 
water,  which  is  the  reason  why  it  appears  to  be 
BO  cold.  A  hot  body  diffuses  its  caloric  in  the  air 
by  a  double  process.  The  air  in  contact  with  it; 
being  heated,  and  becoming  lighter,  ascenda  and 
scatters  its  caloric,  while  at  the  same  time  another 
portion  is  discharged  in  straight  lines  by  the  radi- 
ating powers  of  the  surface.  Hence  a  substanee 
cools  more  rapidly  in  air  than  in  vacuo,  because 
in  the  latter  case  the  process  is  carried  on  by 
radiation  alone.  It  is  probable  that  the  eartl^ 
having  originally  been  of  very  high  temperature, 
has  become  cooler  by  radiation  only.  The  ethereal 
medium  must  be  too  rare  to  carry  oflF  much  cal<»ric. 
Besides  the  degree  of  heat  indicated  by  the 
thermometer,  caloric  pervades  bodies  in  an  imper- 
ceptible or  latent  state;  and  their  capacity  for 
heat  is  so  various,  that  very  different  quantities  of 
caloric  are  required  to  raise  different  substances 
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to  the  same  sensible  temperature;  it  is  therefore 
evident  that  much  of  the  caloric  is  absorbed,  or 
latent  and  insensible  to  the  thermometer.  The 
portion  of  caloric  requisite  to  raise  a  body  to  a 
given  temperature  is  its  specific  heat ;  but  latent 
heat  is  that  portion  of  caloric  which  is  employed 
in  chaining  the  state  of  bodies  from  solid  to  liquid^ 
and  from  liquid  to  vapour.  When  a  solid  is  eon- 
verted  into  a  liquid,  a  greater  quantity  of  calorie 
enters  into  it  than  can  be  detected  by  the  thermo- 
meter; this  accession  of  caloric  does  not  make 
the  body  warmer,  though  it  converts  it  into  a 
liquid,  and  is  the  principal  cause  of  its  fluidity. 
loe  remains  at  the  temperature  of  32°  of  Fahren* 
heit  till  it  has  combined  with  or  absorbed  140^ 
of  caloric,  and  then  it  melts,  but  without  raising 
the  temperature  of  the  water  above  32°;  so  that 
water  is  a  compound  of  ice  and  caloric.  On  the 
contrary,  when  a  liquid  is  converted  into  a  solid» 
a  quantity  of  caloric  leaves  it  without  any  dimi- 
nution of  its  temperature.  Water  at  the  temr- 
perature  of  32°  must  part  with  140°  of  caloric 
belince  it  freezes.  The  slowness  with  which  water 
fireezes,  or  ice  thaws,  is  a  consequence  of  the  time 
xequired  to  give  out  or  absorb  140°  of  latent 
beat.  A  considerable  d^ree  of  cold  is  often 
£elt  during  a  thaw,  because  the  ice,  in  its  tran- 
sition from  a  solid  to  a  liquid  state,  absorbs  sen- 
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aiUe  beat  £rom  the  atmosphere  and-  otiier  bodies, 
and,  by  renderiDg  it  latent,  maintains  them 'Wt 
the  temperatare  of  32^  ivhile  melting.     Aecofd- 
ing  to  the  same  principle,  vapour  is  a  combinii**^ 
tion  of  caloric  with  a  liquid.     Aboiat  1000^  of 
latent  heat  exists  in  steam  without  raising  its 
temperature :  that  is,  boiling  water,  at  the  tern* 
perature  of  212%  must  absorb  about  1000°  of 
caloric  before  it  becomes  steam;   and  steam  at 
1212°  must  part  with  the  same  quantity  of  lateht' 
caloric  when  condensed  into  water.     The  elasti-' 
city  of  steam  may  be  increased  to  an  enonnoos^ 
d^pree  by  increasing  its  temperature  under  pres^ 
sure,  yet  its  latent  heat  remains  the  same ;  how* 
ever,  it  acquires  an  additional  quantity,  if  allowed 
to  expand ;  so  that  the  latent  heat  of  high-pressure 
steam  issuing  from  a  boiler  is  really  two-fold — ^the" 
latent  heat  of  elastic  fluidity  and  that  of  expan-' 
aion.     High-pressure  steam  expands  the  instant- 
it  comes  into  the  air ;  the  latent  heat  of  expansion 
is  increased  at  the  expense  of  the  latent  heat  of 
fluidity,  in  consequence  of  which,  a  portion  of  the 
steam  is  instantly  condensed,  and  then  the  re- 
maining portion,  being  mixed  with  air  and  particks' 
of  water,  is  so  much  reduced  in  temperature,  that 
the  hand  may  be  plunged,  without  injury,  into= 
high-pressure  steam,  the  instant  it  issues  from  the 
orifice  of  a  boiler.    « 
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to  the  same  sensible  temperature;  it  is  therefore 
evident  that  much  of  the  caloric  is  absorbed,  or 
latent  and  insensible  to  the  thermometer.  The 
portion  of  caloric  requisite  to  raise  a  body  to  a 
given  temperature  is  its  specific  heat ;  but  latent 
heat  is  that  portion  of  caloric  which  is  employed 
in  changing  the  state  of  bodies  from  solid  to  liquid^ 
and  from  liquid  to  vapour.  When  a  solid  is  con* 
verted  into  a  liquid,  a  greater  quantity  of  calorie 
enters  into  it  than  can  be  detected  by  the  thermo- 
meter; this  accession  of  caloric  does  not  make 
the  body  warmer,  though  it  converts  it  into  a 
liquid,  and  is  the  principal  cause  of  its  fluidity. 
Ice  remains  at  the  temperature  of  32°  of  Fahren- 
heit till  it  has  combined  with  or  absorbed  140^ 
of  caloric,  and  then  it  melts,  but  without  raising 
the  temperature  of  the  water  above  32°;  so  that 
water  is  a  compound  of  ice  and  caloric.  On  the 
contrary,  when  a  liquid  is  converted  into  a  solid, 
a  quantity  of  caloric  leaves  it  without  any  dimi- 
nution of  its  temperature.  Water  at  the  tem^ 
perature  of  32°  must  part  with  140°  of  caloric 
befixe  it  freezes.  The  slowness  with  which  water 
freezes,  or  ice  thaws,  is  a  consequence  of  the  time 
isequired  to  give  out  or  absorb  140°  of  latent 
heat,  A  considerable  degree  of  cold  is  often 
felt  during  a  thaw,  because  the  ice,  in  its  tran- 
sition from  a  solid  to  a  liquid  Btatte^  %b^^^  ^eci- 
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the  deep  in  opposition  to  wind  and  tide;  l)y 
rekaeing  the  strain  on  the  cable,  he  rides  at 
anchor  fearless  of  the  storm;  he  makes  the  ele- 
ments of  air  and  water  the  carriers  of  warmth,  not 
only  to  banish  winter  from  his  home,  bnt  to  adonl 
it  eren  during  the  snow-stipTm  with  the  blossoms 
of  spring ;  and  like  a  magician,  he  raises  from  the 
gloomy  and  deep  abyss  of  the  mine,  the  spirit  (^ 
light  to  dispel  the  midnight  darkness. 

It  has  been  observed  that  heat,  like  light  and 
sound,  probably  consists  in  the  undulations  of  an 
elastic  medium.  All  the  principal  phenomena  of 
heat  may  actually  be  illustrated  by  a  comparison 
with  those  of  sound.  The  excitation  of  heat  and 
sound  are  not  only  similar,  but  often  identical,  as 
in  friction  and  percussion ;  they  are  both  commu- 
nicated by  contact  and  radiation ;  and  Dr.  Young 
observes,  that  the  effect  of  radiant  heat  in  rais« 
ing  the  temperature  of  a  body  upon  which  it 
falls  resembles  the  sympathetic  agitation  of  a 
string,  when  the  sound  of  another  string,  which 
is  in  unison  with  it,  is  transmitted  to  it  through 
the  air.  Light,  heat,  sound,  and  the  waves  of 
fluids,  are  all  subject  to  the  same  laws  of  reflection, 
and,  indeed,  their  undulatory  theories  are  perfectly 
similar.  If,  therefore,  we  may  judge  from  analogy, 
the  undulations  of  some  of  the  heat-producing  rays 
must  be  less  frequent  than  those  of  the  extreme  led 
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of  the  solar  gpectrum ;  but  if  the  analogy  were  per* 
ftctf  the  interference  of  two  hot  rays  ought  to  ]mH 
duce  cold,  since  darkness  results  finnn  the  inter- 
ference oi  two  undulations  of  light,  nleuce  mmiea 
from  the  interference  of  two  undulations  of  sound; 
and  still  water,  or  no  tide,  is  the  consequence  of 
the  interference  of  two  tides.  The  propagation  of 
sound,  however,  requires  a  much  denser  medium 
than  that  cither  of  light  or  heat,  its  intensity  dimi- 
nishes as  the  rarity  of  the  air  increases ;  so  that 
at  a  very  small  height  above  the  snrfisoe  of  the 
earth,  the  noise  of  the  tempest  ceases,  and  the 
thunder  is  heard  no  more  in  those  boundless  re- 
gions where  the  heavenly  bodies  accomplish  their 
periods  in  eternal  and  sublime  silence. 

A  consciousness  of  the  fallacy  of  our  judgment 
is  one  of  the  most  important  consequences  of  the 
study  of  nature.  This  study  teaches  us  that 
no  object  is  seen  by  us  in  its  true  place,  owing 
to  aberration;  that  the  colours  of  substances 
are  solely  the  effects  of  the  action  of  matter  upon 
light,  and  that  light  itself,  as  well  as  heat  and 
sound,  are  not  real  beings,  but  mere  modes  of 
action  communicated  to  our  perceptions  by  the 
nerves.  The  human  frame  may  therefore  be  re- 
garded as  an  elastic  system,  the  different  parts 
ef  which  are  capable  of  receiving  the  tremors  of 
elastic  media,  and  of  vibrating  in  unison  with 
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any  number  of  superposed  undulations,  all  of 
which  have  their  perfect  and  independent  eJGfeCt. 
Here  our  knowledge  ends ;  the  mysterious  influ- 
ence of  matter  on  mind  will  in  all  probability 
be  for  ever  hid  from  man. 


SECTION  XXVI. 

The  sun  and  some  of  the  planets  appear  to  be 
surrounded  with  atmospheres  of  considerable  den- 
sity. According  to  the  observations  of  Schroeter, 
the  atmosphere  of  Ceres  is  more  than  668  miles 
high,  and  that  of  Pallas  has  an  elevation  of  465 
miles.  It  is  remarkable  that  not  a  trace  of  atmo- 
sphere can  be  perceived  in  Vesta,  and  that  Jupiter, 
Saturn,  and  Mars,  have  very  little.  The  attrac- 
tion of  the  earth  has  probably  deprived  the  moon 
of  hers,  for  the  refractive  power  of  the  air  at  the 
surface  of  the  earth  is  at  least  a  thousand  times 
as  great  as  the  refraction  at  the  surface  of  the 
moon.  The  lunar  atmosphere,  therefore,  must  be 
of  a  greater  degree  of  rarity  than  can  be  produced 
by  our  best  air-pumps;  consequently  no  terres- 
trial animal  could  exist  in  it. 

What  the  body  of  the  sun  may  be,  it  is  impos- 
sible to  conjecture ;  but  he  seems  to  be  surrounded 
by  a  mottled  ocean  of  flame,  through  which  his 
dark  nucleus  appears  like  black  spots,  often  of 
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enormous  size.  These  spots  are  almost  always 
comprised  within  a  zone  of  the  sun's  suriaoei 
whose  breadth,  measured  on  a  solar  meridian,  doM 
not  extend  beyond  30^°  on  each  side  of  his  equator, 
though  they  have  been  seen  at  the  distance  of 
3&|-°.  From  their  extensive  and  rapid  changes, 
there  is  every  reason  to  suppose  that  the  exterior 
and  incandescent  part  of  the  sun  is  gaseous.  The 
solar  rays  probably  arising  from  chemical  pro- 
cesses that  continually  take  place  at  his  surface 
are  transmitted  through  space  in  all  directions; 
but  notwithstanding  the  sun's  magnitude,  and  the 
inconceivable  heat  that  must  exist  at  his  sur« 
face,  as  the  intensity  both  of  his  light  and  heat 
diminishes  as  the  square  of  the  distance  in- 
creases, his  kindly  influence  can  hardly  be  felt 
at  the  boimdaries  of  our  system.  The  power  of 
the  solar  rays  depends  much  upon  the  manner 
in  which  they  fall,  as  we  readily  perceive  from 
the  different  climates  on  our  globe.  In  winter 
the  earth  is  nearer  the  sun  by  about  a  thirtieth 
than  in  summer,  but  the  rays  strike  the  northern 
hemisphere  more  obliquely  in  winter  than  in  the 
other  half  of  the  year.  In  Uranus  the  sun  must 
be  seen  like  a  small  but  brilliant  star,  not  above 
the  hundred  and  fiftieth  part  so  bright  as  he  ap- 
pears to  us;  but  that  is  2000  times  brighter 
than,  our  moon  to  us,  so  that  he  jeally  is  a  sun  to 
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lire  force  of  the  particles  of  dififexent  lutetaDeet 
ii  very  variable,  different  degrees  of  heat  are  reqin-' 
site  to  produce  their  combustion.  The  tendency 
of  heat  to  a  state  of  equal  difiuaion  or  equilibriuni, 
either  by  radiation  or  contact,  makes  it  necessazy 
ihat  the  chemical  combinatiim  which  bccnions 
xsombustion  should  take  place  instantaneously;  for 
if  the  heat  were  developed  progressively,  it  would 
be  dissipated  by  degrees,  and  would  never  aocu- 
znulate  sufiGunently  to  produce  a  temperature  high 
enough  for  the  evolution  of  flame. 

Though  it  is  a  general  law  that  all  bodies  ex-? 
pand  by  heat  and  contract  by  cold,  yet  the  abso- 
lute change  depends  upon  the  nature  of  the  sub* 
stance.  Gases  expand  more  than  liquids,  and 
liquids  more  than  solids.  The  expansion  of  air  is 
more  than  eight  times  that  of  water,  and  the 
increase  in  the  bulk  of  water  is  at  least  forty-five 
times  greater  than  that  of  iron.  The  expan- 
sion of  solids  and  liquids  increases  uniformly 
with  the  temperature,  between  certain  limits, 
this  change  of  bulk,  corresponding  to  the  vaiisr 
tion  of  heat,  is  one  of  the  most  important  of 
its  efEects,  since  it  furnishes  the  means  oi  mea^ 
suring  relative  temperature  by  the  thermometer 
and  pyrometer.  The  expansive  iforce  of  caloric 
has  a  constant  tendency  to  overcome  the  attraction 
of  cohesion,  and  to  separate  the  constituent  par- 
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tieks  of  Bolidfl  and  fluids ;  by  this  seporaticn  the 
attrftction  of  aggr^tion  it  more  and  more  weak* 
eaed,  till  at  last  it  is  entirely  oYercome,  or  even 
dianged  into  repulsion.  By  the  continual  addi- 
timi  of  caloric,  aolida  may  be  made  to  pass  mto 
liquids,  and  from  liquids  to  the  aSriform  state,  the 
dilatation  increasing  with  the  temperature;  but 
every  substance  expands  according  to  a  law  of  its 
own.  Metals  dilate  uniformly  fit>m  the  freezing 
to  the  boiling  points  of  the  thermometer ;  the 
uniform  expansion  of  the  gases  extends  between 
still  wider  limits ;  but  as  liquidity  is  a  state  of 
transition  from  the  solid  to  the  aCriform  condition^ 
the  equable  dilatation  of  liquids  has  not  so  ex  ten-' 
sive  a  range.  The  rate  of  expansion  of  solids 
▼tries  at  their  transition  to  liquidity,  and  that  of 
liquids  is  no  longer  equable  near  their  change  to 
an  a&riform  state.  There  are  exceptions,  however, 
to  the  general  laws  of  expansion-;  some  liquids 
have  a  maxinmm  density  corresponding  to  a  ctr* 
tain  temperature,  and  dilate  whether  that  teropenH 
tore  be  increased  or  diminished.  For  example,— ^ 
water  expands  whether  it  be  heated  above  or  cooled 
behyw  40^.  The  solidification  of  some  liquids, 
and  especially  their  crystallization,  \b  always  ae- 
eompanied  by  an  increase  of  bulk.  Water  dilates 
tapidly  when  converted  into  ice,  and  with  a  font 
sufficient  to  split  the  hardest  substanoes.    The 

r2 
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formation  of  ice  is  tberefore  a  powerful  agent  in 
the  disintegration  and  decomposition  of  rocks, 
operating  as  one  of  the  most  efficient  causes  of 
local  changes  in  the  structure  of  the  crust  of  the 
earth,  of  which  we  have  experience  in  the  tremen- 
dous ihoulemens  of  mountains  in  Switzerland. 

Heat  is  propi^ated  with  more  or  less  rapidity 
through  all  bodies;  air  is  the  worst  conductor, 
and  consequently  mitigates  the  severity  of  cold 
climates  by  preserving  the  heat  imparted  to  the 
earth  by  the  sun.  On  the  contrary,  dense  bodies, 
especially  metals,  possess  the  power  of  conduction 
in  the  greatest  degree,  but  the  transmission  re- 
quires time.  If  a  bar  of  iron,  twenty  inches  long, 
be  heated  at  one  extremity,  the  caloric  takes  four 
minutes  in  passing  to  the  other.  The  particle  of 
the  metal  that  is  first  heated  communicates  its 
caloric  to  the  second,  and  the  second  to  the  third; 
so  that  the  temperature  of  the  intermediate  mole- 
cule at  any  instant  is  increased  by  the  excess  of 
the  temperature  of  the  first  above  its  own,  and 
diminished  by  the  excess  of  its  own  temperature 
above  that  of  the  third.  That,  however,  will  not 
be  the  Jtemperature  indicated  by  the  thermometer, 
because,  as  soon  as  the  particle  is  more  heated 
than  the  surrounding  atmosphere,  it  will  lose  its 
caloric  by  radiation,  in  proportion  to  the  excess 
oi  its  actual  temperature  above  that  of  the  air. 
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to  the  same  sennble  temperature ;  it  is  therefore 
evident  that  much  of  the  caloric  ia  abaorbed,  or 
latent  and  insensible  to  the  thermometer.  The 
portion  <^  caloric  requisite  to  raise  a  body  to  a 
given  temperature  is  its  specific  heat ;  but  latent 
heat  is  that  portion  of  caloric  which  is  employed 
in  dianging  the  state  of  bodies  from  solid  to  liquid^ 
and  from  liquid  to  vapour.  When  a  solid  is  con- 
verted into  a  liquid,  a  greater  quantity  of  calorie 
enters  into  it  than  can  be  detected  by  the  thermo- 
meter; this  accession  of  caloric  does  not  make 
the  body  warmer,  though  it  converts  it  into  a 
liquid,  and  is  the  principal  cause  of  its  fluiditj. 
Ice  remains  at  the  temperature  of  32^  of  Fahren- 
heit till  it  haa  combined  with  or  absorbed  140^ 
of  caloric,  and  then  it  melts,  but  without  raising 
the  temperature  of  the  water  above  32^;  so  that 
water  is  a  compound  of  ice  and  caloric.  On  the 
contrary,  when  a  liquid  is  converted  into  a  solid, 
a  quantity  of  caloric  leavea  it  without  any  dimi- 
nution of  its  temperature.  Water  at  the  temr> 
perature  of  32^  must  part  with  140^  of  caloric 
before  it  freezes.  The  slowness  with  which  water 
fireezes,  or  ice  thaws,  is  a  consequence  of  the  time 
xeqfoired  to  give  out  or  absorb  140°  of  latent 
heat,  A  considerable  d^ree  of  cold  is  often 
felt  during  a  thaw,  because  the  ice,  in  its  tran- 
sition from  a  solid  to  a  liquid  state,  absoibib  vsgl- 
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aiUe  heat  from  the  atmosphere  and-  otiier  bodies, 
and,  by  lenderiDg  it  latent,  maintains  -  them -wt 
the  temperature  of  32^  while  melting.     Accotd- 
iog  to  the  same  principle,  vapour  is  a  combinat*> 
tion  of  caloric  with  a  liquid.     About  1000°  of 
latent  heat  exists  in  steam  without  raising  ita 
temperature :  that  is,  boiling  water,  at  the  tem- 
perature of  212°,  must  absorb  about  1000^  of 
caloric  before  it  becomes  steam;   and  steam  at 
1212°  must  part  with  the  same  quantity  of  latent- 
caloric  when  condensed  into  water.     The  elas^- 
city  of  steam  may  be  increased  to  an  enormous' 
d^p^ee  by  increasing  its  temperature  under  pres^ 
sure,  yet  its  latent  heat  remains  the  same ;  how- 
ever, it  acquires  an  additional  quantity,  if  allowed 
to  expand ;  so  that  the  latent  heat  of  high-pressure 
steam  issuing  from  a  boiler  is  really  two-fold — ^the' 
latent  heat  of  elastic  fluidity  and  that  of  expan-' 
aion.     High-pressure  steam  expands  the  instiant 
it  comes  into  the  air ;  the  latent  heat  of  expansion 
is  increased  at  the  expense  of  the  latent  heat  of 
fluidity,  in  consequence  of  which,  a  portion  of  the 
steam  is  instantly  condensed,  and  then  the  re- 
maining portion,  being  mixed  with  air  and  particles 
of  water,  is  so  much  reduced  in  temperature,  that 
the  hand  may  be  plunged,  without  injury,  into 
high-pressure  steam,  the  instant  it  issues  from  the 
oriflce  of  aboiler.    ' 
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of  the  solar  spectrum ;  but  if  the  analogy  were  per* 
^t,  the  interference  of  two  hot  rays  ought  to  pio* 
duqe  cold,  since  darkness  results  firom  the  interf- 
erence of  two  undulations  of  light,  silence  ensues 
from  the  interference  of  two  undulations  of  sound; 
and  still  water,  or  no  tide,  is  the  consequence  of 
the  interference  of  two  tides.  The  propagation  of 
Boundy  however,  requires  a  much  denser  medium 
than  that  either  of  light  or  heat,  its  intensity  dimi- 
nishes as  the  rarity  of  the  air  increases ;  so  that 
at  a  very  small  height  above  the  surface  of  the 
earth,  the  noise  of  the  tempest  ceases,  and  the 
thunder  is  heard  no  more  in  those  boundless  re- 
gions where  the  heavenly  bodies  accomplish  their 
periods  in  eternal  and  sublime  silence. 

A  consciousness  of  the  fallacy  of  our  judgment 
is  one  of  the  most  important  consequences  of  the 
study  of  nature.  This  study  teaches  us  that 
no  object  is  seen  by  us  in  its  true  place,  owing 
to  aberration;  that  the  colours  of  substances 
are  solely  the  effects  of  the  action  of  matter  upon 
light,  and  that  light  itself^  as  well  as  heat  and 
sound,  are  not  real  beings,  but  mere  modes  of 
action  communicated  to  our  perceptions  by  the 
nerves.  The  human  frame  may  therefore  be  re- 
garded as  an  elastic  system,  the  different  parts 
of  which  are  capable  of  receiving  the  tremors  of 
clastic  media,  and  of  vibrating  m  \iausoii  ^S^ 
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tlie  deq)  in  opposition  to  wind  and  tide;  by 
rekaring  the  strain  on  the  cable,  be  rides  at 
ancbor  fearless  of  tbe  storm ;  be  makes  tbe  ele-^ 
ments  of  air  and  water  tbe  carriers  of  warmtb,  not 
only  to  banisb  winter  from  his  home,  but  to  adorti 
it  eren  during  tbe  snow-stprm  with  the  blossoms 
of  spring ;  and  like  a  magician,  be  raises  from  the 
gloomy  and  deep  ab3rss  of  the  mine,  tbe  spirit  of 
light  to  dispel  the  midnight  darkness. 

It  has  been  observed  that  beat,  like  light  and 
sound,  probably  consists  in  the  undulations  of  an 
elastic  medium.  All  the  principal  phenomena  of 
heat  may  actually  be  illustrated  by  a  comparison 
with  those  of  sound.  The  excitation  of  beat  and 
sound  are  not  only  similar,  but  often  identical,  as 
in  friction  and  percussion  ;  they  are  botb  commu- 
nicated by  contact  and  radiation ;  and  Dr.  Young 
observes,  that  the  effect  of  radiant  heat  in  rais- 
ing the  •  temperature  of  a  body  upon  whicb  it 
falls  resembles  the  sympathetic  agitation  of  a 
string,  when  the  sound  of  another  string,  whicb 
is  in  unison  with  it,  is  transmitted  to  it  through 
the  air.  Light,  beat,  sound,  and  the  waves  of 
fluids,  are  all  subject  to  the  same  laws  of  reflection, 
and,  indeed,  their  undulatory  theories  are  perfectly 
similar.  If,  therefore,  we  may  judge  from  analc^, 
the  undulations  of  some  of  the  heat-producing  rays 
must  be  less  frequent  than  those  of  the  extremte  led 
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tnortnouB  size.  These  spots  are  almost  always 
oomprised  within  a  zoue  of  the  sun's  suriaoe^ 
whose  breadth,  measured  on  a  solar  meridian,  doM 
not  extend  beyond  SOi^  on  each  side  of  his  equator, 
though  they  have  been  seen  at  the  distance  of 
39i-°.  From  their  extensive  and  rapid  changes, 
there  is  every  reason  to  suppose  that  the  exterior 
and  incandescent  part  of  the  sun  is  gaseous.  The 
solar  rays  probably  arising  from  chemical  pro* 
cesses  that  continually  take  place  at  his  surface 
are  transmitted  through  space  in  all  directions; 
but  notwithstanding  the  sun's  magnitude,  and  the 
inconceivable  heat  that  must  exist  at  his  sur- 
face, as  the  intensity  both  of  his  light  and  heat 
diminishes  as  the  square  of  the  distance  in- 
creases, his  kindly  influence  can  hardly  be  idt 
at  the  boundaries  of  our  system.  The  power  of 
the  solar  rays  depends  much  upon  the  manner 
in  which  they  fall,  as  we  readily  perceive  from 
the  different  climates  on  our  globe.  In  winter 
the  earth  is  nearer  the  sun  by  about  a  thirtieth 
than  in  summer,  but  the  rays  strike  the  northern 
hemisphere  more  obliquely  in  winter  than  in  the 
other  half  of  the  year.  In  Uranus  the  sun  must 
be  seen  like  a  small  but  brilliant  star,  not  above 
the  hundred  and  fiftieth  part  so  bright  as  he  ap- 
pears to  us;  but  that  is  2000  times  brighter 
than  our  moon  to  us,  so  that  he  xeaWj  Sa  ^  %\fii  V> 
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any  number  of  Buperposed  undulationB,  all  of 
which  have  their  perfect  and  independent  6£^t. 
Here  our  knowledge  ends ;  the  myBterious  influ- 
ence of  matter  on  mind  will  in  all  probability 
be  for  ever  hid  from  man. 


SECTION  XXVI. 

The  sun  and  some  of  the  planets  appear  to  be 
surrounded  with  atmospheres  of  considerable  den- 
sity. According  to  the  observations  of  Schroeter, 
the  atmosphere  of  Ceres  is  more  than  668  miles 
high,  and  that  of  Pallas  has  an  elevation  of  465 
miles.  It  is  remarkable  that  not  a  trace  of  atmo- 
sphere can  be  perceived  in  Vesta,  and  that  Jupiter, 
Saturn,  and  Mars,  have  very  little.  The  attrac- 
tion of  the  earth  has  probably  deprived  the  moon 
of  hers,  for  the  refractive  power  of  the  air  at  the 
surface  of  the  earth  is  at  least  a  thousand  times 
as  great  as  the  refraction  at  the  surface  of  the 
moon.  The  lunar  atmosphere,  therefore,  must  be 
of  a  greater  degree  of  rarity  than  can  be  produced 
by  our  best  air-pumps;  consequently  no  terres- 
trial animal  could  exist  in  it. 

What  the  body  of  the  sun  may  be,  it  is  impos- 
sible to  conjecture ;  but  he  seems  to  be  surrounded 
by  a  mottled  ocean  of  flame,  through  which  his 
dark  nucleus  appears  Xiika  \iVa.ck  s^iots^  often  of 


nVTSIC^X.  6CIXN0RS,  951 

of  the  solar  spectrum ;  but  if  the  analogy  were  per* 
^t,  the  interference  of  two  hot  rays  ought  to  pior 
duqe  cold,  since  darkness  results  from  the  inteiw 
ference  of  two  undulations  of  light,  silence  enauea 
from  the  interference  of  two  undulations  of  sound; 
and  still  water,  or  no  tide,  is  the  consequence  of 
the  interference  of  two  tides.  The  propagation  of 
Boxmdy  however,  requires  a  much  denser  medimn 
than  that  either  of  light  or  heat,  its  intensity  dimi- 
nishes as  the  radty  of  the  air  increases;  so  that 
at  a  very  small  height  above  the  surface  of  the 
earth,  the  noise  of  the  tempest  ceases,  and  the 
thunder  is  heard  no  more  in  those  boundless  re- 
gions where  the  heavenly  bodies  accomplish  their 
periods  in  eternal  and  sublime  silence. 

A  consciousness  of  the  fallacy  of  our  judgment 
is  one  of  the  most  important  consequences  of  the 
study  of  nature.  This  study  teaches  us  that 
no  object  is  seen  by  us  in  its  true  place,  owing 
to  aberration;  that  the  colours  of  substances 
are  solely  the  effects  of  the  action  of  nuitter  upon 
light,  and  that  light  itself^  as  well  as  heat  and 
sound,  are  not  real  beings,  but  mere  modes  of 
action  communicated  to  our  perceptions  by  the 
nerves.  The  human  frame  may  therefore  be  re- 
garded as  an  elastic  system,  the  different  parts 
of  which  are  capable  of  receiving  the  tremors  of 
ehutic  media,  and  of  vibrating  m  \imsy^\i  ^^vofiSix 
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foimation  of  ice  is  tberefore  a  powerful  agent  in 
the  disintegration  and  decomposition  of  rocks, 
operating  as  one  of  the  most  efficient  causes  of 
local  changes  in  the  structure  of  the  crust  of  the 
earth,  of  which  we  have  experience  in  the  trenien- 
dous  tboulemens  of  mountains  in  Switzerland. 

Heat  is  propi^ated  with  more  or  less  rapidity 
through  all  bodies;  air  is  the  worst  conductor, 
and  consequently  mitigates  the  severity  of  cold 
climates  by  preserving  the  heat  imparted  to  the 
earth  by  the  sun.  On  the  contrary,  dense  bodies, 
especially  metals,  possess  the  power  of  conduction 
in  the  greatest  degree,  but  the  transmission  re- 
quires time.  If  a  bar  of  iron,  twenty  inches  long, 
be  heated  at  one  extremity,  the  caloric  takes  four 
minutes  in  passing  to  the  other.  The  particle  of 
the  metal  that  is  first  heated  communicates  its 
caloric  to  the  second,  and  the  second  to  the  third; 
so  that  the  temperature  of  the  intermediate  mole- 
cule at  any  instant  is  increased  by  the  excess  of 
the  temperature  of  the  first  above  its  own,  and 
diminished  by  the  excess  of  its  own  temperature 
above  that  of  the  third.  That,  however,  will  not 
be  the  Jtemperature  indicated  by  the  thermometer, 
because,  as  soon  as  the  particle  is  more  heated 
than  the  surrounding  atmosphere,  it  will  lose  its 
caloric  by  radiation,  in  proportion  to  the  excess 
of  its  actual  temperature  above  that  of  the  air. 
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The  velocity  of  the  discharge  is  directly  pro- 
portional to  the  temperature,  and  inversely  as 
the  length  of  the  bar.  As  there  are  i)erpctual 
variations  in  the  temperature  of  all  terrestrial 
substances,  and  of  the  atmosphere,  from  the  rota- 
tion of  the  earth  and  its  revolution  round  the  sun, 
from  combustion,  friction,  fermentation,  electri- 
city, and  an  infinity  of  other  causes,  the  tendency 
to  restore  the  equability  of  temperature  by  the 
transmission  of  caloric  must  maintain  all  the 
particles  of  matter  in  a  state  of  perpetual  oscilla- 
tion, which  will  be  more  or  less  rapid  according 
to  the  conducting  powers  of  the  substances.  From 
the  motion  of  the  heavenly  bodies  about  their 
axes,  and  also  round  the  sun,  exposing  them  to 
perpetual  changes  of  temperature,  it  may  be  in- 
ferred that  similar  causes  will  produce  like  effects 
in  them  too.  The  revolutions  of  the  double  stars 
show  that  they  are  not  at  rest,  and  though  we  are 
totally  ignorant  of  the  changes  that  may  be  going 
on  in  the  nebulee  and  millions  of  other  remote 
bodies,  it  is  more  than  probable  that  they  are  not 
in  absolute  repose ;  so  that,  as  far  as  our  know- 
ledge extends,  motion  seems  to  be  a  law  of  matter. 
Heat  applied  to  the  surface  of  a  fluid  is  pro- 
pagated downwards  very  slowly,  the  warmer,  and 
consequently  lighter  strata  always  remaining  at 
the  top.    This  is  the  reason  why  the  water  at  the 
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bottom  of  lalccB  fed  from  alpine  chains  ia  ao  ccdd ; 
for  the  heat  of  the  sun  is  tranafuaed  bujt  a  litde 
way  bel(fw  the  aurface.  When  heat  ia  applied 
below  a  liquid,  the  particlea  continually  liae  as 
they  become  epecifically  lighter,  in  conaeqaenoe 
of  the  caloric,  and  diffuse  it  through  the  mass, 
their  place  being  perpetually  supplied  by  thoae 
that  are  more  dense.  The  power  of  conducting 
heat  varies  materially  in  di£ferent  liquids.  Mer- 
cur}'  conducts  twice  as  flELst  as  an  equal  bulk  of 
water,  which  is  the  reason  why  it  appeara  to  be 
80  cold.  A  hot  body  diffuses  its  caloric  in  the  air 
by  a  double  process.  The  air  in  contact  with  it^ 
being  heated,  and  becoming  lighter,  ascends  and 
BCatters  its  caloric,  while  at  the  same  time  another 
portion  is  discharged  in  straight  lines  by  the  radi- 
ating powers  of  the  surface.  Hence  a  substance 
cools  more  rapidly  in  air  than  in  vacuo,  because 
in  the  latter  case  the  process  is  carried  on  by 
radiation  alone.  It  is  probable  that  the  earth, 
having  ori^nally  been  of  very  high  temperature, 
has  become  cooler  by  radiation  only.  The  ethereal 
medium  must  be  too  rare  to  carry  off  much  caloric. 
Besides  the  degree  of  heat  indicated  by  the 
thermometer,  caloric  pervades  bodies  in  an  imper- 
ceptible or  latent  state;  and  their  capacity  for 
heat  is  so  various,  that  very  different  quantities  of 
caloric  are  required  to  raise  different  substances 
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to  the  same  sennble  temperature;  it  is  therefore 
endent  that  much  of  the  caloric  ia  abaorbed,  or 
latent  and  iiksenaible  to  the  thermometer.  The 
portkm  of  caloric  requisite  to  raise  a  body  to  a 
given  temperature  is  its  specific  heat ;  but  latent 
heat  is  that  portion  of  caloric  which  is  employed 
in  changing  the  state  of  bodies  from  solid  to  liquid^ 
and  from  liquid  to  vapour.  When  a  solid  is  con- 
verted into  a  liquid,  a  greater  quantity  of  calorie 
enters  into  it  than  can  be  detected  by  the  thermo* 
meter;  this  accession  of  caloric  does  not  make 
the  body  warmer,  though  it  converts  it  into  a 
liquid,  and  is  the  principal  cause  of  its  fluidity. 
Ice  remains  at  the  temperature  of  32^  of  Fahren- 
heit  till  it  has  combined  with  or  absorbed  140^ 
of  caloric,  and  then  it  melts,  but  without  raising 
ibtt  temperature  of  the  water  above  32^;  so  that 
water  is  a  compound  of  ice  and  caloric.  On  the 
contrary,  when  a  liquid  is  converted  into  a  solid, 
a  quantity  of  caloric  leavefB  it  without  any  dimi* 
nntion  of  its  temperature.  Water  at  the  temr> 
perature  of  32^  must  part  with  140^  of  caloric 
beHoKe  it  freezes.  The  slowness  with  which  water 
fireezes,  or  ice  thaws,  is  a  consequence  of  the  time 
xeqfuired  to  give  out  or  absorb  140°  of  latent 
heat,  A  considerable  dc^ee  of  cold  is  often 
felt  during  a  thaw,  because  the  ice,  in  its  tran- 
aition  from  a  solid  to  a  liquid  state,  absorbs  aen- 
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aiUelieat  £rom  the  atmosphene  uid'  other ibodi^, 
ViAt  by  renderiog  it  latent,  maintains  tliem^af 
the  temperature  of  32^  while  melting.     Aecotdi- 
ing  to  the  same  principle,  vapour  is  a  comhinii^ 
tion  of  caloric  with  a  liquid.     About  1000^  o# 
latent  heat  exists  in  steam  without  raising  its 
temperature :  that  is,  boiling  water,  at  the  teyi'*^ 
perature  of  212^  must  absorb  about  1000°  ef 
caloric  before  it  becomes  steam;   and  steam  at 
1212°  must  part  with  the  same  quantity  of  lat^t' 
caloric  when  condensed  into  water.     The  elasti-' 
city  of  steam  may  be  increased  to  an  enormous' 
d^pree  by  increasing  its  temperature  under  pres- 
sure, yet  its  latent  heat  remains  the  same ;  how** 
ever,  it  acquires  an  additional  quantity,  if  allowed 
to  expand ;  so  that  the  latent  heat  of  high-pressure 
steam  issuing  from  a  boiler  is  really  two-fold — ^the* 
latent  heat  of  elastic  fluidity  and  that  of  expan-' 
fiion.     High-pressure  steam  expands  the  instant- 
it  comes  into  the  air ;  the  latent  heat  of  expansion 
is  increased  at  the  expense  of  the  latent  heat  of 
fluidity,  in  consequence  of  which,  a  portion  of  the 
steam  is  instantly  condensed,  and  then  the  re-' 
maiuing  portion,  being  mixed  with  air  and  particles' 
of  water,  is  so  much  reduced  in  temperature,  that 
the  hand  may  be  plunged,  without  injury,  into= 
high-pressure  steam,  the  instant  it  issues  from  the 
orifice  of  a  boiler.    • 


>  The  latent  heat  of  air,  and  of  all  eUbtic  ^iiida; 
viay  b6  forced  out  by  sudden  compresftion,  fike 
i4aee£ing  water  out  of  a  sponge.  The  quantity 
of 'heat  brought  into  action  in  this  way  is  very 
well  illustrated  in  the  experiment  of  igniting  a 
piece  of  tinder  by  the  sudden  compression  of  air  by 
a  piston  thrust  into  a  cylinder  closed  at  one  end: 
the  developement  of  heat  on  a  stupendous  scale 
ia  exhibited  in  lightning,  which  is  produced  by  the 
"violent  compression  of  the  atmosphere  during  the 
passage  of  the  electric  fluid.  Prodigious  quanti- 
ties of  heat  are  constantly  becoming  latent,  or  are 
disengaged  by  the  changes  of  condition  to  which 
substances  are  liable  in  passing  from  the  solid  to 
the  liquid,  and  from  the  liquid  to  the  gaseous 
form,  or  the  contrary,  occasioning  endless  yidisi* 
tudes  of  temperature  over  the  globe. 

The  application  of  heat  to  the  various  branches 
of  the  mechanical  and  chemical  arts  has,  within  a 
few  years,  effected  a  greater  change  in  the  condi* 
tion  of  man  than  had  been  accomplished  in  any 
equal  ^riod  of  his  existence.  Armed  by  the  ex*' 
pansion  and  condensation  of  fluids  with  a  power' 
equal  to  that  of  the  lightning  itself,  conquering 
time  and  space,  he  flies  over  plains,  and  travels 
on  paths  cut  by  human  industry  even  through' 
mountains,  with  a  velocity  and  smoothness  more 
like  planetary  than  terrestrial  motion ;  he  crosses 
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tlie  deq>  m  oppoeitioii  to  wind  and  tide;  by 
ideMiiig  the  atndn  on  the  cable,  be  ndes  at 
anchor  fearless  of  the  storm ;  he  makes  the  ele- 
ments of  air  and  water  the  carriers  of  warmth,  not 
only  to  banish  winter  from  his  home,  but  to  adoni 
it  eren  during  the  snow-stprm  with  the  blossoms 
of  spring ;  and  like  a  magician,  he  raises  from  the 
gloomy  and  deep  abyss  of  the  mine,  the  spirit  of 
light  to  dispel  the  midnight  darkness. 

It  has  been  observed  that  heat,  like  light  and 
sound,  probably  consists  in  the  undulations  of  an 
elastic  medium.  All  the  principal  phenomena  (^ 
heat  may  actually  be  illustrated  by  a  comparison 
with  those  of  sound.  The  excitation  of  heat  and 
sound  are  not  only  similar,  but  often  identical,  as 
in  friction  and  percussion ;  they  are  both  commu- 
nicated by  contact  and  radiation ;  and  Dr.  Young 
observes,  that  the  effect  of  radiant  heat  in  rais- 
ing the  temperature  of  a  body  upon  which  it 
falls  resembles  the  sympathetic  agitation  of  a 
string,  when  the  sound  of  another  string,  which 
is  in  unison  with  it,  is  transmitted  to  it  through 
the  air.  Light,  heat,  sound,  and  the  waves  of 
fluids,  are  all  subject  to  the  same  laws  of  reflection, 
and,  indeed,  their  undulatory  theories  are  perfectly 
similar.  If,  therefore,  we  may  judge  from  analogy, 
the  undulations  of  some  of  the  heat-producing  rays 
must  be  less  frequent  than  those  of  the  extreme  red 
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of  the  solar  gpectrum ;  but  if  the  analogy  were  per* 
^t,  the  interference  of  two  hot  rays  ought  to  pro* 
duce  cold,  since  darkness  results  from  the  intesr- 
ference  c^  two  undulations  of  light,  silence  ensues 
from  the  interference  of  two  undulations  of  sound; 
and  still  water,  or  no  tide,  is  the  consequence  of 
the  interference  of  two  tides.  The  propagation  of 
■ound,  however,  requires  a  much  denser  medium 
than  that  cither  of  light  or  heat,  its  intensity  dimi- 
nishes as  the  rarity  of  the  air  increases ;  so  that 
at  a  very  small  height  above  the  surface  of  the 
earth,  the  noise  of  the  tempest  ceases,  and  the 
thunder  is  heard  no  more  in  those  boundless  re* 
gions  where  the  heavenly  bodies  accomplish  their 
periods  in  eternal  and  sublime  silence. 

A  consciousness  of  the  fjedlacy  of  our  judgment 
is  one  of  the  most  important  consequences  of  the 
study  of  nature.  This  study  teaches  us  that 
no  object  is  seen  by  us  in  its  true  place,  owing 
to  aberration;  that  the  colours  of  substances 
are  solely  the  effects  of  the  action  of  matter  upon 
light,  and  that  light  itself^  as  well  as  heat  and 
sound,  are  not  real  beings,  but  mere  modes  of 
action  communicated  to  our  perceptions  by  the 
nerves.  The  human  frame  may  therefore  be  re- 
garded as  an  elastic  system,  the  difbrent  parts 
of  which  are  capable  of  receiving  the  tremors  of 
elastic  media,  and  of  vibrating  in  imison  with 
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any  number  of  saperpoeed  undulations,  all  of 
which  have  their  perfect  and  independent  efifebt^ 
Here  our  knowledge  ends ;  the  mysterious  influ- 
ence of  matter  on  mind  will  in  all  probability 
be  for  ever  hid  from  man. 


SECTION  XXVI. 

The  sun  and  some  of  the  planets  appear  to  be 
surrounded  with  atmospheres  of  considerable  den- 
sity. According  to  the  observations  of  Schroeter, 
the  atmosphere  of  Ceres  is  more  than  668  miles 
high,  and  that  of  Pallas  has  an  elevation  of  465 
miles.  It  is  remarkable  that  not  a  trace  of  atmo- 
sphere can  be  perceived  in  Vesta,  and  that  Jupiter, 
Saturn,  and  Mars,  have  very  little.  The  attrac- 
tion of  the  earth  has  probably  deprived  the  moon 
of  hers,  for  the  refractive  power  of  the  air  at  the 
surface  of  the  earth  is  at  least  a  thousand  times 
as  great  as  the  refraction  at  the  surface  of  the 
moon.  The  lunar  atmosphere,  therefore,  must  be 
of  a  greater  degree  of  rarity  than  can  be  produced 
by  our  best  air-pumps;  consequently  no  terres- 
trial animal  could  exist  in  it. 

What  the  body  of  the  sun  may  be,  it  is  impos- 
sible to  conjecture ;  but  he  seems  to  be  surrounded 
by  a  mottled  ocean  of  flame,  through  which  his 
dark  nucleus  appears  like  black  spots,  often  of 
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tnormous  size.  These  spots  are  almost  always 
comprised  within  a  zoiie  of  the  sun's  suriaoei^ 
whose  breadth,  measured  on  a  solar  meridian,  does 
not  extend  beyond  30^°  on  each  side  of  his  equator, 
though  they  have  been  seen  at  the  distance  of 
39^-°.  From  their  extensive  and  rapid  changes, 
there  is  every  reason  to  suppose  that  the  exterior 
and  incandescent  part  of  the  sun  is  gaseous.  The 
solar  rays  probably  arising  from  chemical  pro* 
cesses  that  continually  take  place  at  his  sTirface 
are  transmitted  through  space  in  all  directions; 
but  notwithstanding  the  sun's  magnitude,  and  the 
inconceivable  heat  that  must  exist  at  his  sur- 
£ELce,  as  the  intensity  both  of  his  light  and  heat 
diminishes  as  the  square  of  the  distance  in- 
creases, his  kindly  influence  can  hardly  be  Mt 
at  the  boundaries  of  our  system.  The  power  of 
the  solar  rays  depends  much  upon  the  manner 
in  which  they  fall,  as  we  readily  perceive  from 
the  different  climates  on  our  globe.  In  winter 
the  earth  is  nearer  the  sun  by  about  a  thirtieth 
than  in  summer,  but  the  rays  strike  the  northern 
hemisphere  more  obliquely  in  winter  than  in  the 
other  half  of  the  year.  In  Uranus  the  sun  must 
be  seen  like  a  small  but  brilliant  star,  not  above 
the  hundred  and  fiftieth  part  so  bright  as  he  ap- 
pears to  us;  but  that  is  2000  times  brighter 
than  our  moon  to  us,  so  that  he  xeaWj  ia  «i  vvasiVA 
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UflMttUB,  and  probably  imparto  soaie  degieef  of 
mointli.  But  if  we  Gonudcr  that  water  wtmiA  wA 
icmaia  fluid  in  any  part  of  Mara,  e9Ctk  at  bia 
equator,  and  that  in  the  temperate  aoneaof  the 
aame  planet  e?en  akohol  and  quiekailver  would 
fireeie,  we  may  form  aome  idea  of  the  cold  thaf 
mnit  reign  in  Uranusy  though  it  caxmot  exceed 
that  of  the  aurrounding  space. 

It  ia  found  by  experience  that  heat  is  dereloped 
in  opaque  and  translucent  subatancea  by  thea 
abaorption  of  solar  light,  but  that  the  aun'a  raya 
do  not  alter  the  temperature  of  perfectly  tna»pa» 
rent  bodies  through  which  they  pass.  Aa  the 
temperature  of  the  pellucid  plai^tary  space  can* 
not  be  affected  by  the  passage  of  the  aun'a  light 
and  heat,  neither  can  it  be  raised  by  the  heat  »-* 
diated  from  the  earth,  consequently  its  tempera- 
ture must  be  invariable.  The  atmosphere,  on  the 
oontrary,  gradually  increasing  in  density  towards 
the  surface  of  the  earth,  becomes  less  pellucid,  and 
therefore  gradually  increases  in  temperature  both 
£rom  the  direct  action  of  the  sun,  and  from  the 
radiation  of  the  earth.  Lambert  had  proved  that 
the  capacity  of  the  atmosphere  for  heat  variea 
according  to  the  same  law  with  its  capacity  Iok 
absorbing  a  ray  of  light  passing  through  it  &om 
the  zenith,  whence  M.  Svanberg  found  that  the 
temperature  of  space  is  58°  below  the  zero  point 
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tf  Fahreiiheiit's  thennometer;  and  from  oHha  »&• 
nearehes^  founded  upon  the  rate  and  quantity  of 
atmoepheric  refraction,  he  obtained  a  residt  which 
only  difiers  from  the  precedii^  by  half  a  degiea. 
M^  Fourier  has  arrived  at  neaily  the  ssme  oonchfr- 
aion,  from  the  law  of  the  radiation  of  the  heat  of 
ite  terrestrial  spheroid,  on  the  hypothesis  of  its 
having  nearly  attained  its  limit  of  temperatove  in 
codling  dowu  item  its  supposed  primitive  state  of 
liision.  The  dififerenoe  in  the  result  of  these  three 
methods,  totally  independent  of  one  another,  only 
amounts  to  the  Enaction  of  a  degree.  Thns,  as  the 
temperature  of  space  is  uniform,  it  follows  that  no 
part  of  Uranus  can  experience  more  than  90^  of 
eold,  which  only  exceeds  that  which  Sir  Edward 
Parry  suffered  duiing  one  day  at  Melville  Island, 
by  3°. 

The  climate  of  Venus  more  nearly  resembled 
that  of  the  earth,  ^ugh,  excepting  perhaps  at  her 
pdes,  much  too  hot  for  animal  and  vegetable  h^ 
m  they  exist  here :  but  in  Mercury,  the  mean 
heat,  arising  only  from  the  intensity  of  the  sun'a 
nya,  must  be  above  that  of  boiling  quicksilver, 
and  water  would  boil  even  at  his  poles.  Thus  th^ 
planets,  though  kindred  vidth  the  earth  in  motion 
and  structure,  are  totally  imfit  for  the  habitation 
of  such  a  being  as  man. 

The  direct  light  of  the  sun  baa  Veen  «i^TSAX»^ 
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to  be  equal  to  that  of  5563  wax  candles  of  mode- 
rate size,  Bupposed  to  be  placed  at  the  distanoe  of 
one  foot  from  the  object:  that  of  the  moon  is 
probably  only  equal  to  the  light  of  one  candle  at 
the  diatance  of  twelve  feet ;  consequently  the  lig^t 
of  the  sun  is  more  than  three  hundred  thousand 
times  greater  than  that  of  the  moon ;  for  which 
reason  the  light  of  the  moon  either  imparts  no 
heat,  or  it  is  too  feeble  to  penetrate  the  glass  of 
the  thermometer,  even  when  brought  to  a  focus 
by  a  mirror.  The  intensity  of  the  sun's  light 
diminishes  from  the  centre  to  the  circumference  of 
the  solar  disc ;  but  in  the  moon  the  gradation  is 
reversed. 

Much  has  been  done  within  a  few  years  to 
ascertain  the  manner  in  which  heat  is  distributed 
over  the  surface  of  our  planet,  and  the  variations 
of  climate ;  which  in  a  general  view  mean  every 
change  of  the  atmosphere,  such  as  of  temperature, 
humidity,  variations  of  barometric  pressure,  purity 
of  air,  the  serenity  of  the  heavens,  the  effects  of 
wiuds,  and  electric  tension.  Temperature  depends 
upon  the  property  which  all  bodies  possess,  more 
or  less,  of  perpetually  absorbing  and  emitting  or 
radiating  heat.  When  the  interchange  is  equal, 
the  temperature  of  a  body  remains  the  same  ;  but 
when  the  radiation  exceeds  the  absorption,  it  be- 
comes colder,  and  vice  versd.    But  in  order  to 
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delBrmine  the  distiibutioii  of  heat  over  the  furfftoa 
of » the  earth,  it  is  neceaaaiy  to  find  a  ■tandard  bj. 
vfaich  the  temperature  in  different  latitudes  may 
ba  joompared.  For  that  purpose  it  is  requisite  to. 
SBoertain  by  experiment  the  mean  temperature  of 
the  day,  oi  the  month,  and  of  the  year,  at  as  many- 
places  as  possible  throughout  the  earth.  The 
annual  average  temperature  may  be  found  by  add-* 
ing  the  mean  temperatures  of  all  the  months  in 
tlw  year,  and  dividing  the  sum  by  twelve.-  Tha 
average  of  ten  or  fifteen  years  will  give  it  witk 
tolerable  accuracy;  for  although  the  temperature 
ia.  any  |^ce  may  be  subject  to  very  great  varia*. 
tions,  yet  it  never  deviates  more  than  a  few  degrees^ 
from  its  mean  state,  which  consequently  ofiers 
good  standard  of  comparison. 

If  dimate  depended  solely  upon  the  heat  of  the 
Sim,  all  places  having  the  same  latitude  would 
have  the  same  mean  annual  temperature.    Tht 
motion  of  the  sun  in  the  ecliptic,  indeed,  occasioiia. 
perpetual  variations  in  the  length  of  the  day,  andl 
in  the  direction  of  the  rays  with  r^;anl  to  the. 
earth;   yet,  as  the  cause  is  periodic,  the  mean 
annual  temperature  from  the  sun's  motion  alone 
must  be  constant  in  each  parallel  of  latitude.   For* 
it  is  evident  that  the  accumulation  of  heat  in  the 
long  days  of  summer,  which  is  but  little  diminished 
by  radiation  during  the  short  nights,  is  baia&s»i 
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by  the  vmall  quantity  of  heat  received  during  the 
short  days  in  winter  and  its  radiation  in  the  long 
frosty  and  clear  nights.  In  fact,  if  the  globe  were 
everywhere  on  a  level  with  the  surface  of  the  sea, 
mnd  also  of  the  same  substance,  so  as  to  absorb 
beat  equally,  and  radiate  the  same,  the  mean  heat 
of  the  sun  would  be  regularly  distributed  over  its 
surface  in  zones  of  equal  annual  temperature  pa- 
rallel to  the  equator,  from  which  it  would  decrease 
to  each  pole  as  the  square  of  the  cosine  of  the 
latitude ;  and  its  quantity  would  only  depend  upcm 
the  altitudes  of  the  sun,  atmospheric  currents,  and 
the  internal  heat  of  the  earth  evinced  by  the  vast 
number  of  volcanos  and  hot  springs,  in  every 
region  from  the  equator  to  the  polar  circles,  which 
has  probably  been  cooling  down  to  its  present 
state  for  thousands  of  ages.  The  distribution  of 
beat,  however,  in  the  same  parallel  is  very  irre- 
gular in  all  latitudes,  except  between  the  tropics, 
where  the  isothermal  lines,  or  the  lines  passing 
through  places  of  equal  mean  annual  temperature, 
are  parallel  to  the  equator.  The  causes  of  dis- 
turbance are  very  numerous ;  but  such  as  have  the 
greatest  influence,  according  to  Hmnboldt,  to  wh(mi 
Tve  are  indebted  for  the  greater  part  of  what  is 
Imown  on  the  subject,  are  the  elevation  of  the 
continents,  the  distribution  of  land  and  water  over 
the  surface  of  the  globe,  exposing  different  absorb- 
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ing  and  radiating  powers;   the  variations  in  the 
mr&ce  of  the  land,  as  forests,  sandy  deserts,  ver* 
dant  i^ains,  rocks,  &c.,  mountain-chains  covered 
with  masses  of  snow,  which  diminish  the  tempera* 
tore;   the  reverberation  of  the  sun's  rays  in  the 
valleys,  which  increases  it ;   and  the  interchange 
€i  currents,  both  of  air  and  water,  which  mitigate 
the  rigour  of  climates ;   the  warm  currents  from 
the  equator  softening  the  severity  of  the  polar 
€roats,  and  the  cold  currents  from  the  poles  tem-- 
pering  the  intense  heat  of  the  equatorial  regions.. 
To  these  may  be  added  cultivation,  though  its  infla- 
CDce  extends  over  but  a  small  portion  of  the  globe». 
only  a  fourth  part  of  the  land  being  inhabited. 

Temperature  does  not  vary  so  much  with  lati- 
tude as  with  the  height  above  the  level  of  the  sea; 
and  the  decrease  is  more  rapid  in  the  higher  strata 
of  the  atmosphere  than  in  the  lower,  because  they 
are  fieurther  removed  from  the  radiation  ^of  the 
earth,  and  being  highly  rarefied,  the  heat  is  dif- 
fused through  a  larger  space.  A  portion  of  ak 
at  the  surface  of  the  earth,  whose  temperature  i^ 
W  of  Fahrenheit,  if  carried  to  the  height  of  two 
miles  and  a  half,  will  expand  so  much  that  its 
temperature  will  be  reduced  5(f;  and  in  the  ethe^ 
real  regions  the  temperature  is  90^  below  the  point 
of  congelation. 

The  height  at  which  snow  lies  petpetoiiSlE:^  ^ftp 

s  2 
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by  the  small  quantity  of  heat  received  during  the 
short  days  in  winter  and  its  radiation  in  the  long 
frosty  and  clear  nights.     In  fact,  if  the  globe  were 
everywhere  on  a  level  with  the  surface  of  the  sea, 
and  also  of  the  same  substance,  so  as  to  absorb 
heat  equally,  and  radiate  the  same,  the  mean  heat 
of  the  sun  would  be  regularly  distributed  over  its 
surface  in  zones  of  equal  annual  temperature  pa- 
rallel to  the  equator,  from  which  it  would  decrease 
to  each  pole  as  the  square  of  the  cosine  of  the 
latitude ;  and  its  quantity  would  only  depend  upon 
the  altitudes  of  the  sun,  atmospheric  currents,  and 
the  internal  heat  of  the  earth  evinced  by  the  vast 
number  of  volcanos  and  hot  springs,  in  every 
region  from  the  equator  to  the  polar  circles,  which 
has  probably  been  cooling  down  to  its  present 
state  for  thousands  of  ages.     The  distribution  of 
heat,  however,  in  the  same  parallel  is  very  irre- 
gular in  all  latitudes,  except  between  the  tropics, 
where  the  isothermal  lines,  or  the  lines  passing 
through  places  of  equal  mean  annual  temperature, 
are  parallel  to  the  equator.    The  causes  of  dis- 
turbance are  very  numerous ;  but  such  as  have  the 
greatest  influence,  according  to  Hmnboldt,  to  whom 
Tve  are  indebted  for  the  greater  part  of  what  is 
Imown  on  the  subject,  are  the  elevation  of  the 
continents,  the  distribution  of  land  and  water  over 
the  surface  of  the  globe,  exposing  different  absorb- 
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ing  and  radiating  powers;   the  variations  in  the 
■ur&ce  of  the  land,  as  forests,  sandy  deserts,  ver* 
dant  plains,  rocks,  &c.,  mountain-chains  covered 
with  masses  of  snow,  which  diminish  the  tempera* 
tore;   the  reverberation  of  the  sun's  rays  in  the 
valleys,  which  increases  it;   and  the  interchange 
ad  currents,  both  of  air  and  water,  which  mitigate 
the  rigour  of  climates ;   the  warm  currents  from 
the  equator  softening  the  severity  of  the  polar 
€rosts,  and  the  cold  currents  from  the  poles  tem-^ 
pering  the  intense  heat  of  the  equatorial  re^ont.. 
To  these  may  be  added  cultivation,  though  its  influ- 
mice  extends  over  but  a  small  portion  of  the  globe». 
only  a  fourth  part  of  the  land  being  inhabited. 

Temperature  does  not  vary  so  much  with  lati- 
tude as  with  the  height  above  the  level  of  the  sea ; 
and  the  decrease  is  more  rapid  in  the  higher  strata 
of  the  atmosphere  than  in  the  lower,  because  they 
are  farther  removed  from  the  radiation  ^of  the 
earth,  and  being  highly  rarefied,  the  heat  is  dif- 
fused through  a  larger  space.  A  portion  of  ak 
at  the  suiiace  of  the  earth,  whose  temperature  i^ 
W  of  Fahrenheit,  if  carried  to  the  height  of  two 
miles  and  a  half,  will  expand  so  much  that  its 
temperature  will  be  reduced  b(f;  and  in  the  ethe- 
real regions  the  temperature  is  90^  below  the  point 
of  congdatioxu 

The  height  at  which  snow  liea  per^idroaii&^  ^ftr 
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aiUelieat  £rom  the  atmosphene  and'  oliier 'bodies, 
%ikl,  by  renderiog  it  latent,  maintains  tbem -ait 
the  temperature  of  32^  while  melting.  Accotd*- 
ing  to  the  same  principle,  Taponr  is  a  combinit^ 
tion  of  caloric  with  a  liquid.  About  1000^  of 
latent  heat  exists  in  steam  without  raising  its 
temperature:  that  is,  boiling  water,  at  the  tem- 
perature of  212%  must  absorb  about  lOOO^  of* 
caloric  before  it  becomes  steam ;  and  ateam  at 
1212°  must  part  with  the  same  quantity  of  latent- 
caloric  when  condensed  into  water.  The  elasti- 
city of  steam  may  be  increased  to  an  enormoos' 
degree  by  increasing  its  temperature  under  pres- 
sure, yet  its  latent  heat  remains  the  same ;  how- 
ever, it  acquires  an  additional  quantity,  if  allowed 
to  expand ;  so  that  the  latent  heat  of  high-pressure 
steam  issuing  from  a  boiler  is  really  two-fold — ^the* 
latent  heat  of  elastic  fluidity  and  that  of  expan-' 
eion.  High-pressure  steam  expands  the  instant 
it  comes  into  the  air ;  the  latent  heat  of  expansion 
is  increased  at  the  expense  of  the  latent  heat  of 
fluidity,  in  consequence  of  which,  a  portion  of  the 
steam  is  instantly  condensed,  and  then  the  re- 
maining portion,  being  mixed  with  air  and  particles 
of  water,  is  so  much  reduced  in  temperature,  that 
the  hand  may  be  plunged,  without  injury,  into 
high-pressure  steam,  the  instant  it  issues  from  the 
orifice  of  a  boiler.    ' 
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water:  so  that,  in  conBequence  of  all  these  cir^ 
cumstances,  the  ocean  is  not  subject  to  such  vaii- 
ations  of  heat  as  the  land ;  and,  by  imparting  its 
temperature  to  the  winds,  it  diminishes  the  inten- 
aty  of  climate  on  the  coasts  and  in  the  island^ 
which  are  never  subject  to  such  extremes  of  heat 
and  cold  as  are  experienced  in  the  interior  of  con- 
tinents, though  they  are  liable  to  fogs  and  rais 
from  the  evaporation  of  the  adjacent  seas.  On 
each  side  of  the  equator,  to  the  48th  degree  of 
latitude,  the  surface  of  the  ocean  is  in  general 
wanner  than  the  air  above  it :  the  mean  of  the 
difference  of  temperature  at  noon  and  midnight  ib 
about  1^-37,  the  greatest  deviation  never  exceed- 
ing from  0^*36  to  2^*16,  which  is  much  cooler 
than  the  air  over  the  land. 

On  land  the  temperature  depends  upon  the 
nature  of  the  soil  and  its  products,  its  habitual 
moisture  or  dryness.  From  the  eastern  extremity 
of  the  Sahara  desert  quite  .  across  Africa,  the 
soil  is  almost  entirely  barren  sand,  and  the  Sahara 
desert  itself^  without  including  Dafour  or  Dongola» 
extends  over  an  area  of  194000  square  leagues^ 
equal  to  twice  the  area  of  the  Mediterranean  Sea» 
and  raises  the  temperature  of  the  air  by  radiation 
from  90°  to  100°,  which  must  have  a  most  exten- 
sive influence.  On  the  contrary,  v^etation  cools 
the  air  by  evaporation  and  the  apparent  radiatksa 
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tke  deq>  in  oppoeitioa  to  wind  and  tide;  by 
idearing  the  strain  on  the  cable,  lie  rides  at 
anchor  fearless  of  the  storm;  he  makes  the  de- 
ments of  air  and  water  the  carriers  of  warmth,  not 
only  to  banish  winter  from  his  home,  but  to  adoni 
it  eren  during  the  snowHstprm  with  the  blossoms 
of  spring ;  and  like  a  magician,  he  raises  from  the 
gloomy  and  deep  abyss  of  the  mine,  the  spirit  of 
light  to  dispel  the  midnight  darkness. 

It  has  been  observed  that  heat,  like  light  and 
sound,  probably  consists  in  the  undulations  of  an 
elastic  medium.  All  the  principal  phenomena  of 
heat  may  actually  be  illustrated  by  a  comparison 
with  those  of  sound.  The  excitation  of  heat  and 
sound  are  not  only  similar,  but  often  identical,  as 
in  friction  and  percussion ;  they  are  both  commu- 
nicated by  contact  and  radiation ;  and  Dr.  Young 
observes,  that  the  effect  of  radiant  heat  in  rais- 
ing the  temperature  of  a  body  upon  which  it 
falls  resembles  the  sympathetic  agitation  of  a 
string,  when  the  sound  of  another  string,  which 
is  in  unison  with  it,  is  transmitted  to  it  through 
the  air.  Light,  heat,  sound,  and  the  waves  of 
fluids,  are  all  subject  to  the  same  laws  of  reflection, 
and,  indeed,  their  undulatory  theories  are  perfectly 
similar.  If,  therefore,  we  may  judge  from  analogy, 
the  undulations  of  some  of  the  heat-producing  rays 
BkUBt  be  less  frequent  tbasitho^e  of  the  extreme  red 
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water:  so  that,  in  conBequence  of  all  these  cir* 
cumstances,  the  ocean  is  not  subject  to  such  vaii- 
ations  of  heat  as  the  land ;  and,  by  imparting  its 
temperature  to  the  winds,  it  diminishes  the  inten- 
sity of  climate  on  the  coasts  and  in  the  island^ 
which  are  never  subject  to  such  extremes  of  heat 
and  cold  as  are  experienced  in  the  interior  of  con- 
tinents, though  they  are  liable  to  fogs  and  rais 
from  the  evaporation  of  the  adjacent  seas.  On 
each  side  of  the  equator,  to  the  48th  degree  of 
latitude,  the  surface  of  the  ocean  is  in  general 
wanner  than  the  air  above  it :  the  mean  of  the 
difference  of  temperature  at  noon  and  midnight  ib 
about  1°'37,  the  greatest  deviation  never  exceed- 
ing from  0°'36  to  2^*16,  which  is  much  cooler 
than  the  air  over  the  land. 

On  land  the  temperature  depends  upon  the 
nature  of  the  soil  and  its  products,  its  habitual 
moisture  or  dryness.  From  the  eastern  extremity 
of  the  Sahara  desert  quite  across  Africa,  the 
soil  is  almost  entirely  barren  sand,  and  the  Sahara 
desert  itself^  without  including  Dafour  or  Dongola^ 
extends  over  an  area  of  194000  square  leagues^ 
equal  to  twice  the  area  of  the  Mediterranean  Sea» 
and  raises  the  temperature  of  the  air  by  radiation 
from  90°  to  100°,  which  must  have  a  most  exten- 
sive influence.  On  the  contrary,  v^etation  cools 
the  air  by  evaporation  and  the  apparent  radialvsvL 
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my  number  of  superpoBed  undulationBy  all  of 
which  have  their  perfect  and  independent  efifet^t. 
Here  our  knoi^'ledge  ends ;  the  mysterious  influ- 
ence of  matter  on  mind  will  in  all  probability 
be  for  ever  hid  from  man. 


SECTION  XXVI. 

Tre  sun  and  some  of  the  planets  appear  to  be 
surrounded  with  atmospheres  of  considerable  den- 
sity. According  to  the  observations  of  SchrGeter, 
the  atmosphere  of  Ceres  is  more  than  668  miles 
high,  and  that  of  Pallas  has  an  elevation  of  465 
miles.  It  is  remarkable  that  not  a  trace  of  atmo- 
sphere can  be  perceived  in  Vesta,  and  that  Jupiter, 
Saturn,  and  Mars,  have  very  little.  The  attrac- 
tion of  the  earth  has  probably  deprived  the  moon 
of  hers,  for  the  refractive  power  of  the  air  at  the 
surface  of  the  earth  is  at  least  a  thousand  times 
as  great  as  the  refraction  at  the  surface  of  the 
moon.  The  lunar  atmosphere,  therefore,  must  be 
of  a  greater  degree  of  rarity  than  can  be  produced 
by  our  best  air-pumps;  consequently  no  terres- 
trial animal  could  exist  in  it. 

What  the  body  of  the  sun  may  be,  it  is  impos- 
sible to  conjectiu-e ;  but  he  seems  to  be  surrounded 
by  a  mottled  ocean  of  flame,  through  which  his 
dark  nucleus  appears  like  black  spots,  often  of 
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water:  so  that,  in  consequence  of  all  these  cir- 
dunstances,  the  ocean  is  not  subject  to  such  vaii- 
atbns  of  heat  as  the  land ;  and,  by  imparting  its 
temperature  to  the  winds,  it  diminishes  the  inten- 
sity of  climate  on  the  coasts  and  in  the  islands^ 
which  are  never  subject  to  such  extremes  of  heat 
and  cold  as  are  experienced  in  the  interior  of  con- 
tinentSy  though  they  are  liable  to  fogs  and  rais 
from  the  evaporation  of  the  adjacent  seas.  On 
each  side  of  the  equator,  to  the  48th  degree  of 
latitude,  the  surface  of  the  ocean  is  in  general 
wanner  than  the  air  above  it :  the  mean  of  the 
difference  of  temperature  at  noon  and  midnight  ib 
about  1^*37,  the  greatest  deviation  never  exceed- 
ing from  0^*36  to  2^*16,  which  is  much  cooler 
than  the  air  over  the  land. 

On  land  the  temperature  depends  upon  the 
nature  of  the  soil  and  its  products,  its  habitual 
mobture  or  dryness.  From  the  eastern  extremity 
of  the  Sahara  desert  quite  .  across  Africa,  the 
soil  is  almost  entirely  barren  sand,  and  the  Sahara 
desert  itself^  without  including  Dafour  or  Dongola^ 
extends  over  an  area  of  194000  square  leagues^ 
equal  to  twice  the  area  of  the  Mediterranean  Sea> 
and  raises  the  temperature  of  the  air  by  radiation 
from  90°  to  100°,  which  must  have  a  most  exten* 
aive  influence.  On  the  contrary,  v^etation  cools 
the  air  by  evaporation  and  the  apparent  iadiaJ(^s»x 
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the  perfect  calm  which  reigns  in  the  tropical  wil- 
dernesses. The  innumerable  rivers,  lakes,  pools, 
and  marshes  interspersed  through  the  continents 
absorb  caloric,  and  cool  the  air  by  evaporation ; 
bat  on  account  of  the  chilled  and  dense  particles 
sinking  to  the  bottom,  deep  water  diminishes  the 
cold  of  winter,  so  long  as  ice  is  not  formed. 

In  consequence  of  the  difference  in  the  radiating 
a&d  absorbing  powers  of  the  sea  and  land,  their 
configuration  greatly  modifies  the  distribution  of 
heat  over  the  surface  of  the  globe.  Under  the 
equator  only  one-sixth  part  of  the  circumference  is 
land;  and  the  Superficial  extent  of  land  in  thfe 
northern  and  southern  hemispheres  is  in  the  pro- 
portion of  three  to  one :  the  effect  of  this  unequal 
division  is  greater  in  the  temperate,  than  in  the 
torrid  zones,  for  the  area  of  land  in  the  northern 
temperate  zone  is  to  that  in  the  southern  as  thir* 
teen  to  one,  whereas  the  proportion  of  land  between 
the  equator  and  each  tropic  is  as  five  to  four; 
and  it  is  a  curious  fact,  noticed  by  Mr.  Gardner, 
that  only  one  twenty-seventh  part  of  the  land  of 
the  globe  has  land  diametrically  opposite  to  it. 
This  disproportionate  arrangement  of  the  solid 
part  of  the  globe  has  a  powerful  influence  on  the 
temperature  of  the  southern  hemisphere.  But, 
besides  these  greater  modifications,  the  peninsulas, 
promontories,  and  capes,  runnixig  out  m\A  ^<e; 
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fonnation  of  ice  is  therefore  a  powerful  agent  in 
the  disintegration  and  decomposition  of  rocks, 
operating  as  one  of  the  most  efficient  causes  of 
local  changes  in  the  structure  of  the  crust  of  the 
earth,  of  which  we  have  experience  in  the  treniiBn- 
dous  tboulemens  of  mountains  in  Switzerland. 

Heat  is  propagated  with  more  or  less  rapidity 
through  all  bodies;  air  is  the  worst  conductor, 
and  consequently  mitigates  the  severity  of  cold 
climates  by  preserving  the  heat  imparted  to  the 
earth  by  the  sun.  On  the  contrary,  dense  bodies, 
especially  metals,  possess  the  power  of  conduction 
in  the  greatest  degree,  but  the  transmission  re- 
quires time.  If  a  bar  of  iron,  twenty  inches  long, 
be  heated  at  one  extremity,  the  caloric  takes  four 
minutes  in  passing  to  the  other.  The  particle  of 
the  metal  that  is  first  heated  communicates  its 
caloric  to  the  second,  and  the  second  to  the  third; 
80  that  the  temperature  of  the  intermediate  mole- 
cule at  any  instant  is  increased  by  the  excess  of 
the  tem|)erature  of  the  first  above  its  own,  and 
diminished  by  the  excess  of  its  own  temperature 
above  that  of  the  third.  That,  however,  will  not 
be  the  j;emperature  indicated  by  the  thermometer, 
because,  as  soon  as  the  particle  is  more  heated 
than  the  surrounding  atmosphere,  it  will  lose  its 
caloric  by  radiation,  in  proportion  to  the  excess 
of  its  actual  tem^^iBXxice  above  that  of  the  air. 
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l^e  velocity  of  the  discharge  is  directly  pro- 
portional to  the  temperature,  and  inversely  as 
the  length  of  the  har.  As  there  are  perpetual 
variations  in  the  temperature  of  all  terrestrial 
substances,  and  of  the  atmosphere,  from  the  rota- 
tion of  the  earth  and  its  revolution  round  the  sun, 
from  combustion,  friction,  fermentation,  electri- 
city, and  an  infinity  of  other  causes,  the  tendency 
to  restore  the  equability  of  temperature  by  the 
transmission  of  caloric  must  maintain  all  the 
particles  of  matter  in  a  state  of  perj^etual  oscilla- 
tion, which  will  be  more  or  less  rapid  according 
to  the  conducting  powers  of  the  substances.  From 
the  motion  of  the  heavenly  bodies  about  their 
axes,  and  also  round  the  sun,  exposing  them  to 
perpetual  changes  of  temperature,  it  may  be  in- 
ferred that  similar  causes  ynW  produce  like  effects 
in  them  too.  The  revolutions  of  the  double  stars 
show  that  they  are  not  at  rest,  and  though  we  are 
totally  ignorant  of  the  changes  that  may  be  going 
on  in  the  nebulae  and  millions  of  other  remote 
bodies,  it  is  more  than  probable  that  they  are  not 
in  absolute  repose ;  so  that,  as  far  as  our  know- 
ledge extends,  motion  seems  to  be  a  law  of  matter. 
Heat  applied  to  the  surface  of  a  fluid  is  pro- 
pagated downwards  very  slowly,  the  warmer,  and 
consequently  lighter  strata  always  remaining  at 
the  top.    This  is  the  reason  why  tlie  "w^iXet  ^\.  ^^ 
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aiUe  beat  £rom  the  atmosphere  and'  odier  hodi^, 
and,  by  rendering  it  latent,  maintains  them  ^at 
the  temperature  of  32^  while  melting.     Accotd^^ 
ing  to  the  same  principle,  vapour  ii  a  combini£^ 
tion  of  caloric  with  a  liquid.     About  1000°  o^ 
latent  heat  exists  in  steam  without  raising  its 
temperature :  that  is,  boiling  water,  at  the  tern* 
perature  of  212^,  must  absorb  about  1000^  of* 
caloric  before  it  becomes  steam ;   and  eteam  at 
1212°  must  part  with  the  same  quantity  of  latent* 
caloric  when  condensed  into  water.     The  elasti-" 
city  of  steam  may  be  increased  to  an  enormoua' 
degree  by  increasing  its  temperature  under  pres* 
sure,  yet  its  latent  heat  remains  the  same ;  how- 
ever, it  acquires  an  additional  quantity,  if  allowed 
to  expand ;  so  that  the  latent  heat  of  high-pressure 
steam  issuing  from  a  boiler  is  really  two-fold — ^thc' 
latent  heat  of  elastic  fluidity  and  that  of  expan-' 
aion.     High-pressure  steam  expands  the  instant 
it  comes  into  the  air ;  the  latent  heat  of  expansion 
is  increased  at  the  expense  of  the  latent  heat  of 
fluidity,  in  consequence  of  which,  a  portion  of  the 
steam  is  instantly  condensed,  and  then  the  re- 
maining portion,  being  mixed  with  air  and  particles 
of  water,  is  so  much  reduced  in  temperature,  that 
the  hand  may  be  plunged,  without  injury,  into 
high-pressure  steam,  the  instant  it  issues  from  the 
ori&ce  of  a  boiler.   * 
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<tf  the  Asiatic  pole  is  nearly  1°  of  Fahrenheit's 
thermometer,  and  that  of  the  transatlantic  pole 
about  3^^  below  zero,  whereas  he  supposes  the 
mean  annual  temperature  of  the  pole  of  rotation 
to  be  4^  or  5^.  It  is  believed  that  two  correspond- 
ing poles  of  maximum  cold  exist  in  the  southern 
hemisphere,  though  observations  are  wanting  to 
trace  the  course  of  the  southern  isothermal  lines 
with  the  same  accuracy  as  the  northern. 

The  isothermal  lines,  or  such  as  pass  through 
places  where  the  mean  annual  temperature  of  the 
air  is  the  same,  do  not  always  coincide  with  the 
isogeothermal  lines,  which  are  those  passing 
through  places  where  the  mean  temperature  of 
the  ground  is  the  same.  The  mean  heat  of  the 
earth  is  determined  iirom  that  of  springs,  and  if 
the  spring  be  on  elevated  ground,  the  temperature 
is  reduced  by  computation  to  what  it  would  be  at 
the  level  of  the  sea,  assuming  that  the  heat  of  the 
soil  varies  according  to  the  same  law  as  the  heat 
of  the  atmosphere,  which  is  about  a  d^p:ee  of  Fah- 
renlieit's  thermometer  for  every  656  &et.  From 
a  comparison  of  the  temperature  of  numerous 
springs  with  that  of  the  air.  Sir  David  Brewster 
concludes  that  there  is  a  particular  line  passing 
nearly  through  Berlin,  at  which  the  temperature 
of  springs  and  that  of  the  atmosphere  coincide; 
that  in  approaching  the  Arctic  Cuc\&  li!ii^  VeKi^- 
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tke  deq>  in  oppoeitkm  to  wind  and  "tide;  liy 
idearing  the  strain  on  the  cable,  lie  rides  at 
anchor  fearless  of  the  storm ;  he  makes  the  ek^ 
ments  of  air  and  water  the  carriers  of  warmth,  not 
only  to  banish  winter  from  his  home,  but  to  adoni 
it  eren  during  the  snow^stprm  with  the  blossoms 
of  spring ;  and  like  a  magician,  he  raises  from  the 
gloomy  and  deep  abyss  of  the  mine,  the  spirit  of 
light  to  dispel  the  midnight  darkness. 

It  has  been  observed  that  heat,  like  light  and 
sound,  probably  consists  in  the  undulations  of  an 
elastic  medium.  All  the  pnncipal  i^enomena  of 
heat  may  actually  be  illustrated  by  a  comparison 
with  those  of  sound.  The  excitation  of  heat  and 
sound  are  not  only  similar,  but  often  identical,  as 
in  friction  and  percussion ;  they  are  both  commu- 
nicated by  contact  and  radiation ;  and  Dr.  Young 
observes,  that  the  effect  of  radiant  heat  in  rais- 
ing the  •  temperature  of  a  body  upon  which  it 
falls  resembles  the  sympathetic  agitation  of  a 
string,  when  the  sound  of  another  string,  which 
is  in  unison  with  it,  is  transmitted  to  it  through 
the  air.  Light,  heat,  sound,  and  the  waves  of 
fluids,  are  all  subject  to  the  same  laws  of  reflection, 
and,  indeed,  their  undulatory  theories  are  perfectly 
similar.  If,  therefore,  we  may  judge  from  analogy, 
the  undulations  of  some  of  the  heat-producing  rays 
mittt  be  less  frequent  thasithfi^e  of  the  extreme  red 
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of  the  solar  iqpectmm ;  but  if  the  analogy  wese  per* 
lipctf  the  interference  of  two  hot  rays  ought  to  pn>^ 
duc^  cold,  since  darkness  results  from  the  intei^ 
ference  of  two  undulations  of  light,  silence  ensuea 
from  the  interference  of  two  imdulations  of  sound; 
and  still  water,  or  no  tide,  is  the  consequence  of 
the  interference  of  two  tides.  The  propagation  of 
sound,  however,  requires  a  much  denser  medium 
than  that  cither  of  light  or  heat,  its  intensity  dimi- 
nishes as  the  rarity  of  the  air  increases ;  so  that 
at  a  very  small  height  above  the  surface  of  the 
earth,  the  noise  of  the  tempest  ceases,  and  the 
thunder  is  heard  no  more  in  those  boundless  le* 
gions  where  the  heavenly  bodies  accomplish  their 
periods  in  eternal  and  sublime  silence. 

A  consciousness  of  the  fallacy  of  our  judgment 
is  one  of  the  most  important  consequences  of  the 
study  of  natiu^.  This  study  teaches  us  that 
no  object  is  seen  by  us  in  its  true  place,  owing 
to  aberration;  that  the  colours  of  substances 
are  solely  the  effects  of  the  action  of  matter  upon 
light,  and  that  light  itself,  as  well  as  heat  and 
sound,  are  not  real  beings,  but  mere  modes  of 
action  communicated  to  our  perceptions  by  the 
nerves.  The  human  frame  may  therefore  be  re- 
garded as  an  elastic  system,  the  difEbrent  parts 
of  which  are  capable  of  receiving  the  tremors  of 
media,  and  of  vibrating  in  \auaxAV  -^infifiL 
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my  number  of  superpoeed  tmdiilationB,  all  of 
which  have  their  perfect  and  independent  efifect. 
Here  our  knowledge  ends ;  the  mysterious  influ- 
ence of  matter  on  mind  will  in  all  probability 
be  for  ever  hid  from  man. 
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Tre  sun  and  some  of  the  planets  appear  to  be 
surrounded  Ynth  atmospheres  of  considerable  den- 
sity. According  to  the  observations  of  SchrGeter, 
the  atmosphere  of  Ceres  is  more  than  668  miles 
high,  and  that  of  Pallas  has  an  elevation  of  465 
miles.  It  is  remarkable  that  not  a  trace  of  atmo- 
sphere can  be  perceived  in  Vesta,  and  that  Jupiter, 
Saturn,  and  Mars,  have  very  little.  The  attrac- 
tion of  the  earth  has  probably  deprived  the  moon 
of  hers,  for  the  refractive  power  of  the  air  at  the 
surface  of  the  earth  is  at  least  a  thousand  times 
as  great  as  the  refraction  at  the  surface  of  the 
moon.  The  lunar  atmosphere,  therefore,  must  be 
of  a  greater  degree  of  rarity  than  can  be  produced 
by  our  best  air-pumps;  consequently  no  terres- 
trial animal  could  exist  in  it. 

What  the  body  of  the  sun  may  be,  it  is  impos- 
sible to  conjecture ;  but  he  seems  to  be  surrounded 
by  a  mottled  ocean  of  flame,  through  which  his 
dark  nucleus  appears  like  black  spots,  often  of 
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hibits  the  last  signs  of  vegetable  life  during  tbe 
short  but  fervent  summers  at  the  polar  regions. 
Such  is  the  effect  of  cold  on  the  vegetable  king- 
dom,  that  the  numbers  of  species  growing  under 
the  line  and  in  the  northern  latitudes  of  45^  and 
60°,  are  in  the  proportion  of  the  numbera  12,  4, 
and  1.  -  But  notwithstanding  the  remarkable  dif* 
finenoe  between  a  tropical  and  polar  flora,  mda* 
tore  seems  to  be  almost  ihe  only  requisite  for 
vegetation,  since  neither  heat,  cold,  nor  even  dark* 
nesa  destroy  the  fertility  of  nature ;  in  salt  plaina 
and  sandy  deserts  alone  hopeless  barrenness  pre-^ 
vaila.  Plants  grow  on  the  borders  of  hot  springa 
— they  form  the  oases,  wherever  moisture  exists, 
among  the  burning  sands  of  Africa — ^they  are 
foond  in  caverns  void  of  light,  though  generally 
blanched  and  feeble — the  ocean  teems  with  v^pe» 
tation — ^the  snow  itself  not  only  produces  a  red 
alga,  discovered  by  Sanssure  in  the  frozen  decli->. 
vitiea  of  the  Alps,  found  in  abundance  by  th& 
author  crossing  the  Col  de  Bonhomme  from  Savoy^ 
to  Piedmont,  and  by  the  polar  navigators  xst 
the  arctic  regions,  but  it  affords  shelter  to  the 
productions  of  thoscT  inhospitable  climes,  i^ainst 
the  piercing  winds  that  sweep  over  fields  of  ever- 
lasting ice.-  Those  interesting  mariners  nar- 
rate that,  under  this  cold  defence,  plants  sprini^ 
up^  dissoJfie  the  snow  a  few  incbfii  loxmdL)  vcA 
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UmmiB,  and  probably  impartt  some  degreef  of 
tmimtk  But  if  we  conuder  that  water  wcFold  wA 
icmain  fluid  in  any  part  of  Man,  even  inl  bia 
equator,  and  tbat  in  the  temperate  2oneaof  the 
■ame  fdanet  even  alcohol  and  quicksilver  would 
fireeae,  we  may  form  aome  idea  of  the  cold  tfaaC 
must  reign  in  Uranus,  though  it  cannot  exceed 
that  of  the  anrrounding  ipace. 

It  it  found  by  experience  that  heat  is  developed 
in  opaque  and  transluceDt  aubatances  by  Uieii 
abaorption  of  8(dar  light,  but  that  the  sun's  raya 
do  not  alter  the  temperature  of  perfectly  transp** 
rent  bodies  through  which  they  pass.  Aa  the 
temperature  of  the  pellucid  planetary  space  cai^ 
not  be  affected  by  the  passage  of  the  sun's  light 
and  heat,  neither  can  it  be  raised  by  the  heat  ra- 
diated from  the  earth,  consequently  its  tempera- 
ture must  be  invariable.  The  atmosphere,  on  the 
contrary,  gradually  increasing  in  density  towards 
the  surface  of  the  earth,  becomes  less  pellucid,  and 
dierefore  gradually  increases  in  temperature  both 
from  the  direct  acti<m  of  the  sun,  and  from  the 
radiation  of  the  earth.  Lambert  had  proved  that 
the  capacity  of  the  atmosphere  for  heat  varies 
according  to  the  same  law  with  its  capacity  £ok 
absorbing  a  ray  of  light  passing  through  it  from 
the  zenith,  whence  M.  Svanberg  found  that  the 
temperature  of  space  ia  58°  below  the  zero  point 
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above  the  lieight  of  10800  feet,  though  much  de» 
pends  upon  local  circumstances.  Ine  best  wines 
are  produced  between  the  30°  and  45°  of  north 
hititude.  But  with  regard  to  the  vegetable  king- 
dom, elevation  ia  equivalent  to  latitude,  as  £u:  aa 
temperature  ia  concerned.  In  ascending  the  moun- 
tains of  the  torrid  zone,  the  richness  of  the  tro- 
pical vegetation  diminishes  with  the  height;  a 
succession  qf  plants  similar,  though  not  identical 
with  those  found  in  latitudes  of  corresponding 
mean  temperature  takes  place ;  the  lofty  forests 
lose  by  d^rees  their  splendour,  stunted  shrubs 
succeed,  till  at  last  the  progress  of  the  lichen  is 
checked  by  eternal  snow.  On  the  volcano  of 
Tenerifie,  there  are  five  successive  zones,  each  pro- 
ducing a  distinct  race  of  plants.  The  first  is  the 
region  of  vines,  the  next  that  of  laurels,  these  aie 
followed  by  the  districts  of  pines,  of  mountain 
broom,  and  of  grass ;  the  whole  covering  the  decUf 
Tity  of  the  peak  through  an  extent  of  11200  feet 
of  perpendicular  height. 

Near  the  equator  the  oak  flourishes  at  the  height 
of  9200  feet  above  the  level  of  the  sea,  and  on  the 
lofty  range  of  the  Hymalaya  the  primula,  the  con- 
yallaria,  and  the  veronica  blossom,  but  not  the 
primrose,  the  lily  of  the  valley,  or  the  veronica 
which  adorn  our  meadows ;  for  although  the  her- 
barium collected  by  Mr.  Mooxcioft  oil  Yoa  xoradu^ 


276  CONNEXION   OF   THB 

from  Neetee  to  Daba  and  Garlope  in  Chinese  Tar- 
tary,  at  elevations  as  high  or  even  higher  than 
Montblanc,    abounds    in   Alpine  and  £uiopean 
genera,  the  species  are  universally  different,  with 
the  single  exception  of  the  rhodiola  rosea,  which  is 
identical  with  the  species  that  blooms  in  Scotland* 
It  is  not  in  this  instance  alone  that  similarity  of 
climate  obtains  without  identity  of  productions ; 
throughout  the  whole  globe,  a  certain   analogy 
both  of  structure  and  appearance  is  firequently 
discovered  between  plants  under  corresponding  cir- 
cumstances, which  are  yet  specifically  different. 
It  is  even  said,  that  a  distance  of  25^  of  latitude 
occasions  a  total  change  not  only  of  vegetable  pro- 
ductions, but  of  organised  beings.     Certain  it  is, 
that  each  separate  region  both  of  land  and  water, 
from  the  frozen  shores  of  the  polar  circles,  to  the 
burning  regions  of  the  torrid  zone,  possesses  a  flora 
of  species  peculiarly  its  own.    The  whole  globe  has 
been  divided  by  botanical  geographers  into  twenty- 
seven  botanical  districts,  differing  almost  entirely 
in  their  specific  vegetable  productions ;  the  limits 
of  which  are  most  decided  when  they  are  separated 
by  a  wide  expanse  of  ocean,  mountain  chains, 
sandy  deserts,  salt  plains,  or  internal  seas.  .  A  con- 
siderable number  of  plants  are  common  to  the 
northern  regions  of  Asia,  Europe,  and  America, 
where  these  continents  almost  unite ;  but  in  ap- 
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proacbing  the  south,  the  floras  of  these  three  great 
divisions  of  the  globe  differ  more  and  more  even 
in  the  same  parallels  of  latitude,  which  shows  that 
temperature  alone  is  not  the  cause  of  the  almost 
complete  diversity  of  species  that  everywhere  pre- 
vails.   The  floras  of  China,  Siberia,  Tartary,  of 
the  European  district  including   central  Europe 
and  the  coasts  of  the  Mediterranean,  and  the  ori- 
ental region,  comprising  the  countries  round  the 
Black  and  Caspian  Seas,  all  differ  in  specific  cha- 
racter.   Only  twenty-four  species  were  found  by 
MM.    Bonpland   and  Humboldt  in    equinoctial 
America,  that  are  identical  with  those  of  the  Old 
World;   and  Mr.  Brown  not  only  found  that  a 
peculiar  vegetation  exists  in  New  Holland,  be- 
tween the  thirty-third  and  thirty-fifth  parallels  of 
south  latitude,  but  that,  at  the  eastern  and  western 
extremities  of  these  parallels,  not  one  species  is 
common  to  both,  and  that  certain  genera  also  are 
almost    entirely  confined   to  these  spots.     The 
number  of  species  common  to  Australia  and  Eu- 
rope are  only  166  out  of  4100,  and  probably  some 
of  these  have  been  conveyed  thither  by  the  colo- 
nists.   This  proportion  exceeds  what  is  observed 
in  southern  Africa,  and  from  what  has  been  already 
stated,  the  proportion  of  European  species  in  equi- 
noctial America  is  still  less. 
Islands  partake  of  the  vegetation  of  the  nearest 
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from  Neetee  to  Daba  and  Garlope  in  Chinefle  Tar- 
tary,  at  elevations  as  high  or  even  higher  than 
Montblanc,    abounds    in   Alpine  and  £uropean 
genera,  the  species  are  universally  difEbrent,  with 
the  single  exception  of  the  rhodiola  rosea,  which  is 
identical  with  the  species  that  blooms  in  Scotland* 
It  is  not  in  this  instance  alone  that  similarity  of 
climate  obtains  without  identity  of  productions ; 
throughout  the  whole  globe,  a  certain   analogy 
both  of  structure  and  appearance  is  frequently 
discovered  between  plants  under  corresponding  cir- 
cumstances, which  are  yet  specifically  different. 
It  is  even  said,  that  a  distance  of  25^  of  latitude 
occasions  a  total  change  not  only  of  vegetable  pro- 
ductions, but  of  organised  beings.     Certain  it  is, 
that  each  separate  region  both  of  land  and  water, 
from  the  frozen  shores  of  the  polar  circles,  to  the 
burning  regions  of  the  torrid  zone,  possesses  a  flora 
of  species  peculiarly  its  own.    The  whole  globe  has 
been  divided  by  botanical  geographers  into  twenty- 
seven  botanical  districts,  differing  almost  entirely 
in  their  specific  vegetable  productions ;  the  limits 
of  which  are  most  decided  when  they  are  separated 
by  a  wide  expanse  of  ocean,  mountain  chains, 
sandy  deserts,  salt  plains,  or  internal  seas.  .  A  con- 
siderable number  of  plants  are  common  to  the 
northern  regions  of  Asia,  Europe,  and  America, 
where  these  continent  almost  unite ;  but  in  ap- 
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proacliuig  the  south,  the  floras  of  these  three  great 
divisions  of  the  globe  differ  more  and  more  even 
in  the  same  parallels  of  latitude,  which  shows  that 
temperature  alone  is  not  the  cause  of  the  almost 
complete  diversity  of  species  that  everywhere  pre- 
vails.    The  floras  of  China,  Siberia,  Tartary,  of 
the  European  district  including   central  Europe 
and  the  coasts  of  the  Mediterranean,  and  the  ori- 
ental region,  comprising  the  countries  round  the 
Black  and  Caspian  Seas,  all  differ  in  specific  cha- 
racter.   Only  twenty-four  species  were  found  by 
MM.    Bonpland   and  Humboldt  in    equinoctial 
America,  that  are  identical  with  those  of  the  Old 
World;   and  Mr.  Brown  not  only  found  that  a 
peculiar  vegetation  exists  in  New  Holland,  be- 
tween the  thirty-third  and  thirty-fifth  parallels  of 
south  latitude,  but  that,  at  the  eastern  and  western 
extremities  of  these  parallels,  not  one  species  ib 
common  to  both,  and  that  certain  genera  also  are 
almost    entirely  confined   to  these  spots.     The 
number  of  species  common  to  Australia  and  Eu- 
rope are  only  166  out  of  4100,  and  probably  some 
of  these  have  been  conveyed  thither  by  the  colo- 
nists.   This  proportion  exceeds  what  is  observed 
in  southern  Africa,  and  from  what  has  been  already 
stated,  the  proportion  of  European  species  in  equi- 
noctial America  is  still  less. 
Islands  partake  of  the  vegetation  of  tb&Ti<Q»x»iX 
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continents,  but  when  very  remote  from  land  their 
floras  are  altogether  peculiar.  The  Aleutian 
islands,  extending  between  Asia  and  America,  par- 
take of  the  vegetation  of  the  northern  parts  of  both 
these  continents,  and  may  have  served  as  a  chan- 
nel of  commimication.  In  Madeira  andTenerifie, 
the  plants  of  Portugal,  Spain,  the  Azores,  and  of 
tiie  north  coast  of  Africa  are  found,  and  the  Cana- 
lies  contain  a  great  number  of  plants  belonging 
to  the  African  coast.  But  each  of  these  islands 
possesses  a  flora  that  exists  nowhere  else,  and 
St.  Helena,  standing  alone  in  the  midst  of  the 
Atlantic  ocean,  out  of  sixty-one  indigenous  species^ 
produces  only  two  or  three  recognised  as  belonging 
to  any  other  part  of  the  world. 

It  appears  from  the  investigations  of  Humboldt 
that  between  the  tropics  the  monocotyledonous 
plants,  such  as  grasses  and  palms,  which  have 
only  one  seed-lobe,  are  to  the  dicotyledonous  tribe, 
which  have  two  seed-lobes,  like  most  of  the  Eu- 
ropean species,  in  the  proportion  of  one  to  four ;  in 
the  temperate  zones  they  are  as  one  to  six ;  and  in 
the  arctic  regions,  where  mosses  and  lichens,  which 
form  the  lowest  order  of  the  vegetable  creation, 
aboimd,  the  proportion  is  as  one  to  two.  The  an- 
nual monocotyledonous  and  dicotyledonous  plants 
in  the  temperate  zones  amount  to  one-sixth  of  the 
whole,  omitting  the  cry^togamia ;  in  the  torrid  zone 
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they  scarcely  fonn  one-twentieth,  and  in  Lapland 
one-thirtieth  part.  In  approaching  the  equator,  the 
ligneous  exceed  the  number  of  herbaceous  plants ; 
in  America,  there  are  a  hundred  and  twenty  differ- 
ent species  of  forest-trees,  whereas  in  the  same 
latitude  in  Europe  only  thirty-four  are  to  be  found. 
Similar  laws  appear  to  r^ulate  the  distribution 
of  marine  plants.  M.  Lamouroux  has  discovered 
that  the  groups  of  algie  affect  particular  tempera- 
tures or  zones  of  latitude,  though  some  few  genera 
prevail  throughout  the  ocean.  The  polar  Atlantic 
basin,  to  the  40°  of  north  latitude,  presents  a 
well-defined  vegetation.  The  West  Indian  seas, 
including  the  gulf  of  Mexico,  the  eastern  coast  of 
South  America,  the  Indian  ocean  and  its  gulft, 
the  shores  of  New  Holland,  and  the  neighbouring 
islands,  have  each  their  assemblage  of  distinct 
species.  The  Mediterranean  possesses  a  vegeta-^ 
tion  peculiar  to  itself,  extending  to  the  Black  Sea^ 
and  the  species  of  marine  plants  on  the  coasts  of 
Syria  and  in  the  port  of  Alexandria  differ  almost 
entirely  from  those  of  Suez  and  the  Red  Sea, 
notwithstanding  the  proximity  of  their  geogra- 
phical situation.  It  is  observed  that  shallow  seas 
have  a  different  set  of  plants  from  such  as  are 
deeper  and  colder ;  and,  like  terrestrial  vegetation, 
the  algSB  are  most  numerous  towards  the  equator, 
where  the  quantity  must  be  prodigio^u^  \£  ^^  \£^ 
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ck?,  M'hich  at  first  grew  there  and  no  whbre  else; 
Heaths  are  exclusively  confined  to  the  old  world, 
and  no  indigenous  rose-tree  has  ever  been  disco- 
vered in  the  new ;  the  whole  southern  hemisphere 
being  destitute  of  that  beautiful  and  fragrant  plant. 
But  this  is  still  more  confirmed  by  midtitudes 
of  particular  plants  having  an  entirely  local  and 
insulated  existence,  growing  spontaneously  in  some 
particidar  spot  and  in  no  other  place ;  as,  for  ex- 
ample, the  cedar  of  Lebanon,  which  grows  indige- 
nously on  that  mountain  and  in  no  other  part  of 
the  world. 

The  same  laws  obtain  in  the  distribution  of  the 
animal  creation.  The  zoophite,  occupying  the 
lowest  place  in  animated  nature,  is  widely  scattered 
through  the  seas  of  the  torrid  zone,  each  species 
being  confined  to  the  district  best  fitted  to  its  ex- 
istence. Shell-fish  decrease  in  size  and  beauty  with 
their  distance  from  the  equator ;  and  as  far  as  is 
known,  each  sea  has  its  own  kind,  and  every  basin 
of  the  ocean  is  inhabited  by  its  peculiar  tribe 
offish.  Indeed,  MM.  Peron  and  Le  Sueur  assert, 
that  among  the  many  thousands  of  marine  animals 
which  they  had  examined,  there  is  not  a  single 
animal  of  the  southern  regions  which  is  not  distin- 
guishable by  essential  characters  from  the  analogous 
species  in  the  northern  seas.  Reptiles  are  not  ex- 
empt from  the  geiiei«i\vN.    TVl^  ^«.\irian  tribes  of 
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the  four  quarters  of  the  globe  differ  in  species,  and 
although  warm  countries  abound  in  venomous 
snakes,  they  are  specifically  different,  and  decrease 
both  in  the  numbers  and  in  the  virulence  of  their 
poison  with  decrease  of  temperature.  The  dis- 
persion of  insects  necessarily  follows  that  of  the 
vegetables  which  supply  them  with  food,  and  in 
general  it  is  observed,  that  each  kind  of  plant  is 
peopled  by  its  peculiar  inhabitants.  Each  species 
of  bird  has  its  particular  haunt,  notwithstanding 
the  locomotive  i)oweTB  of  the  winged  tribes.  The 
emu  is  confined  to  Australia,  the  condor  never 
leaves  the  Andes,  nor  the  great  eagle  the  Alps; 
and  although  some  birds  are  common  to  every 
country,  they  are  few  in  number.  Quadrupeds 
are  distributed  in  the  same  manner  wherever  man 
has  not  interfered.  Such  as  are  indigenous  in  one 
continent  are  not  the  same  with  their  congeners  in 
another ;  and  with  the  exception  of  some  kinds  of 
bats,  no  warm-blooded  animal  is  indigenous  in  the 
Polynesian  Archipelago,  nor  in  any  of  the  islands 
on  the  borders  of  the  central  part  of  the  Pacific. 

In  reviewing  the  infinite  variety  of  organised 
beings  that  people  the  surface  of  the  globe,  no* 
thing  is  more  remarksble  than  the  distinctions 
which  characterise  the  different  tribes  of  mankind, 
from  the  ebony  skin  of  the  torrid  zone  to  the  fair 
and  ruddy  complexion  of  Scandinavia,  a  dsSsexcscvc;^ 


284  CONNKZION   OF   THB 

which  existed  in  the  earliest  recorded  times,  since 
the  African  is  represented  in  the  sacred  writings 
to  have  been  as  black  in  the  first  ages  of  mankind 
as  he  is  at  the  present  day,  and  the  most  ancient 
Egyptian  paintings  confirm  that  truth;  yet  it 
appears  from  a  comparison  of  the  principal  cir- 
cumstances relating  to  the  animal  economy  or 
physical  character  of  the  various  tribes  of  man- 
kind, that  the  different  races  are  identical  in  spe- 
cies. Many  attempts  have  been  made  to  trace  the 
various  tribes  back  to  a  common  origin,  by  col- 
lating the  numerous  languages  which  are,  or  have 
been,  spoken.  Some  classes  of  these  have  few  or 
no  words  in  common,  yet  exhibit  a  remarkable 
analogy  in  the  laws  of  their  grammatical  construc- 
tion. The  languages  spoken  by  the  native  Ameri- 
can nations  afford  examples  of  .these;  indeed  the 
refinement  in  the  grammatical  construction  of  the 
tongues  of  the  American  savages  leads  to  the  be- 
lief that  they  must  originally  have  been  spoken 
by  a  much  more  civilized  class  of  mankind.  Some 
tongues  have  little  or  no  resemblance  in  structure, 
though  they  correspond  extensively  in  their  voca- 
bularies, as  in  the  Syrian  dialects.  In  all  of  these 
cases  it  may  be  inferred,  that  the  nations  speaking 
the  languages  in  question  are  descended  from  the 
same  stock;  but  the  probability  of  a  common 
origin  is  much  greater  in  the  Indo-European  na- 
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tions,  whose  languages,  such  as  the  Sanscrit, 
Greek,  Latin^^Gennan,  &c.  have  an  affinity  both 
in  structure  and  correspondence  of  vocables.  In 
many  tongues  not  the  smallest  resemblance  can  be 
traced ;  length  of  time,  however,  may  have  obliter* 
ated  the  original  identity.  The  conclusion  drawn 
from  the  whole  investigation  is,  that  although  the 
distribution  of  organized  beings  does  not  follow  the 
direction  of  the  isothermal  lines,  temperature  ha» 
a  very  great  influence  on  their  physical  develop- 
mcbit.  Possibly,  too,  the  nature  of  animated  and 
manimated  creatures  may  be  powerfully  modified 
by  the  invisible  agencies  of  electricity  and  mag- 
netism, which  probably  |)ervade  all  the  particles 
of  matter ;  indeed  the  temperature  of  the  air  seems 
to  be  intimately  connected  with  its  electrical  con-- 
dition. 

SECTION  zxviii. 

Elcctricitt  is  one  of  those  imponderable  agents 
j^ervading  the  earth  and  all  substances,  without 
affecting  their  volume  or  temperature,  or  even 
giving  any  visible  sign  of  its  existence  when  in  a 
latent  state,  but  when  elicited,  developing  forces 
capable  of  producii^  the  most  sudden,  violent,  and. 
destructive  effects  in  some  cases,  while  in  others 
their  action,  though  less  energetic,  is  of  indefinite 
and  uninterrupted  continuance.    These  \£kK^^dSdtf- 
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tions  of  the  electric  force,  incidentally  depending 
upon  the  manner  in  'which  it  is  excited,  present 
phenomena  of  great  diversity,  but  yet  so  connected 
as  to  justify  the  conclusion  that  they  originate  in 
a  common  principle. 

Electricity  may  be  called  into  activity  by  me- 
chanical power,  by  chemical  action,  by  heat,  and 
by  magnetic  influence ;   but  we  are  totally  igno* 
rant  why  it  is  roused  from  its  neutral  state  by 
such  means,  or  of  the  manner  of  its  existence  in 
bodies ;  whether  it  be  a  material  agent,  or  merdy 
a  property  of  matter.     However,  as  some  hypo- 
thesis is  necessary  for  explaining  the  phenomena 
observed,  it  is  assumed  to  be  a  highly-elastic  fluid, 
capable  of  moving  with  various  degrees  of  facility 
through  the  pores  or  even  the  substance  of  matter; 
and  as  experience  shows  that  bodies  in  one  electric 
state  attract,  and  in  another  repel  each  other,  the 
hypothesis  of  two  kinds,  called  positive  and  nega- 
tive electricity,  is  adopted,  but  whether  there  really 
be  two  different  fluids,  or  that  the  mutual  attrac-' 
tion  and  repulsion  of  bodies  arises  from  the  re- 
dundancy and  defect  of  their  electricities,  is  of  no 
consequence,  since  all  the  phenomena  can  be  ex- 
plained on  either  hypothesis.     As  each  electricity 
has  its  peculiar  properties,  the  science  may  be  di- 
vided into  branches,  of  which  the  following  notice 
10  intended  to  convey  «or[i&  vks.. 
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Substances  in  which  the  positive  and  negative 
electricities  are  combined,  being  in  a  neutral  state, 
neither  attract  nor  repel ;  but  there  is  a  numerous 
class  called  electrics,  in  which  the  electric  equi- 
librium is  destroyed  by  friction  :  then  the  positive 
and  negative  electricities  are  called  into  action  or 
separated ;  the  positive  is  impelled  in  one  direc- 
tion, and  the  negative  in  another;  those  of  the 
same  kind  repel,  whereas  those  of  different  kinds 
attract  each  other.  The  attractive  power  is  ex- 
actly equal  to  the  reptdsive  force  at  equal  dis- 
tances, and  when  not  opposed,  they  coalesce  with 
great  rapidity  and  violence,  producing  the  electric 
flash,  explosion,  and  shock ;  then  equilibrium  is 
restored,  and  the  electricity  remains  latent  till 
again  called  forth  by  a  new  exciting  cause.  One 
kind  of  electricity  cannot  be  evolved  without  the 
evolution  of  an  equal  quantity  of  the  opposite 
kind:  thus,  when  a  glass  rod  is  rubbed  with 
a  piece  of  silk,  as  much  positive  electricity  is 
elicited  in  the  glass  as  there  is  negative  in 
the  silk.  The  kind  of  electricity  depends  more 
upon  the  mechanical  condition  than  on  the  na- 
ture of  the  surface,  for  when  two  plates  of 
glass,  one  polished  and  the  other  rough,  are 
rubbed  against  each  other,  the  polished  surface 
acquires  x>ositive,  and  the  rough  negative  electri- 
city.   The  manner  in  which  the  friction  is  ^- 
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formed  also  alters  the  kind  of  electricity.  Equal 
lengths  of  black  and  white  ribbon,  applied  longi- 
tudinally to  one  another,  and  drawn  between  the 
finger  and  thumb,  so  as  to  rub  their  surfaces 
together,  become  electric;  when  separated,  the 
black  ribbon  is  found  to  have  acqi^red  negative 
electricity,  and  the  white  positive:  but  if  the 
whole  length  of  the  black  ribbon  be  drawn  across 
the  breadth  of  the  white,  the  black  will  be  posi- 
tively, and  the  white  negatively  electric  when  sepa- 
rate. Electricity  may  be  transferred  from  one  body 
to  another  in  the  same  manner  as  heat  is  commu- 
nicated, and,  like  it  too,  the  body  loses  by  the 
transmission.  Although  no  substance  is  altogether 
im|)ervious  to  the  electric  fluid,  nor  is  there  any 
that  does  not  oppose  some  resistance  to  its  passage, 
yet  it  moves  with  much  more  facility  through  a 
certain  class  of  substances  called  conductors,  such 
as  metals,  water,  the  human  body,  &c.,  than 
through  atmospheric  air,  glass,  silk,  &c.,  which 
are  therefore  called  non-conductors;  but  the  con-^ 
ducting  power  is  affected  both  by  temperature  and 
moisture. 

Bodies  surrounded  with  non-conductors  are  said 
to  be  insulated,  because,  when  charged,  the  elec- 
tricity cannot  escape ;  but  when  that  is  not  the 
case,  the  electricity  is  conveyed  to  the  earth,  which 
is  formed  of  conducting  matter ;   consequently  it 
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is  impossible  to  accumulate  electricity  in  a  con- 
ducting substance  that  is  not  insulated.  There 
axe  a  great  many  substances  called  non-electrics, 
in  which  electricity  is  not  sensibly  developed  by 
friction,  unless  they  be  insulated,  probably  be- 
cause it  is  carried  off  by  their  conducting  power 
as  soon  as  elicited.  Metals,  for  example,  which 
are  said  to  be  non-electrics,  can  be  excited,  but, 
being  conductors,  they  cannot  retain  this  state  if 
in  communication  with  the  earth.  It  is  probable 
that  no  bodies  exist  which  are  either  perfect  non- 
electrics  or  perfect  non-conductors;  but  it  is  evi- 
dent that  electrics  must  be  non-conductors  to  a 
certain  degree,  otherwise  they  could  not  retain 
their  electric  state. 

It  has  been  supposed  that  an  insulated  body  re- 
mains at  rest,  because  the  tension  of  the  electricity, 
or  its  pressure  on  the  air  which  restrains  it,  is 
equal  on  all  sides;  but  when  a  body  in  a  similar 
state,  and  charged  with  the  same  kind  of  electri- 
city, approaches  it,  that  the  mutual  repulsion  of 
the  particles  of  the  electric  fluid  diminishes  the 
pressure  of  the  fluid  on  the  air  on  the  adjacent 
sides  of  the  two  bodies,  and  increases  it  on  their 
remote  ends ;  consequently  that  equilibrium  will  be 
destroyed,  and  the  bodies,  yielding  to  the  action 
of  the  preponderating  force,  will  recede  from  or 
repel  each  other.    When,  on  the  contxax^  ^  V)Dkfi;^ 

VJ 
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are  cliarged  witli  opposite  eleefiicitiefly  it  i»  allied 
that  the  pressure  upon  tbe  air  on  the  ae^sicent  sides 
inll  be  increased  by  the  nratnal  attraction  of  the 
particles  orf  the  electric  fluid,  and  that  on  ihe  fur- 
ther sides  diminished;  consequently- that  the  force 
will  urge  the  bodies  towards  one  another,  the  mo- 
tion in  both  cases  corresponding  to  the  forces  pro- 
ducing it.  An  attempt  has  thus  been  made  to 
attribute  electrical  attractions  and  repulsions  to 
the  mechanical  pressure  of  the  atmosphere;  it  is, 
however,  more  than  doubtful  whether  these  phe- 
nomena can  be  referred  to  that  cause,  but  certain 
it  is  that,  whatever  the  nature  of  these  forces  may 
be,  they  are  not  impeded  in  their  action  by  the 
intervention  of  any  substance  whatever,  provided 
it  be  not  itself  in  an  electric  state. 

A  body  charged  with  electricity,  altiiongli  per- 
fectly insulated,  so  that  all  escape  of  electricity  is 
precluded,  tends  to  produce  an  electric  state  of  the 
o^osite  kind  in  all  bodies  in  its  vicinity;  positive  , 
electricity  tends  to  producie  negative  electricity  in 
a  body  near  it,  and  idee  versa^  the  effect  being 
greater  as  the  distance  diminishes.  This  power 
which  electricity  possesses  of  causing  an  opponte 
electrical  state  in  its  vicinity  is  called  induction. 
When  a  body  charged  with  eiflier  species  of  dec- 
tricity  is  presented  to  a  neutral  one,  its  tendency, 
in  consequence  €r£  t^ne  \«w  of  induction,  iis  to  dis- 
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turb  tbe  electrical  condition  of  the  neutral  body. 
The  dectrified  body  induces  electricity  contrary  to 
itt  own  in  the  ac^acent  part  of  the  neutral  one, 
•nd  theieftire  an  electrical  state  similar  to  its  own 
in.  die  remote  part ;  hence  the  neutrality  of  the 
«QOond  body  is  destroyed  by  the  action  of  the  first, 
md  die  adjacent  parts  of  the  two,  having  now^ 
oppodte  electricities,  will  attract  each  other.  The 
mttraction  between  electrified  and  unelectrified  sub- 
fltanoes  is  therefi)re  merely  a  consequence  of  their 
altered  state,  resulting  directly  from  the  law  of 
induction,  and  not  wn  original  law.  The  effects 
of  induction  depend  upon  the  hcTlity  with  which 
die  equilibrium  of  the  neutral  state  of  a  body  can 
be  o?ercotne,  a  facility  which  is  proportional  to* 
the  conducting  power  of  the  body ;  consequently^ 
tte  attraotion  exerted  by  an  electrified  substance 
apon  another  substance  previously  neutral  will  be 
mueh  more  energetic  if  the  latter  be  a  conductor 
than  if  it  be  a  non-conductor. 

The  law  of  electrical  attraction  and  repulsion 
haa  been  determined  by  suspending  a  needle  of 
'  ignm  lac  horizontally  by  a  silk  fibre,  the  needle 
carrying  at  one  end  a  piece  of  electrified  golcb- 
leaf.  A  globe  charged  with  the  same,  or  with  tlib 
opposite  kind  of  dectricity,  when  presented  to  the 
gM-lsaf,  will  repel  or  attract  it,  and  will  therefore 
the  neede  to  vibrate  more  m  \eia  Tv^iSq 
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according  to  the  distance  of  the  globe.  A  com* 
pariaon  of  the  number  of  oscillations  performed  ip 
a  given  time,  at  different  distances,  will  determine 
the  law  of  the  variation  of  the  electrical  intensity, 
in  the  same  manner  that  the  force  of  gravitation 
is  measured  by  the  oscillations  of  the  i>endulmn. 
Coulomb  invented  an  instrument  which  balances 
the  forces  in  question  by  the  force  of  tbe  torsion 
of  a  thread,  which  consequently  measures  their 
intensity.  By  this  method  he  found  that  the  inten- 
sity of  the  electrical  attraction  and  repulsion  varies 
inversely  as  the  square  of  the  distance.  Since  elec- 
tricity can  only  be  in  equilibrio  from  the  mutual 
repulsion  of  its  particles, — which,  according  to 
these  experiments,  varies  inversely  as  the  square 
of  the  distance, — its  distribution  in  different  bodies 
depends  upon  the  laws  of  mechanics,  and  there- 
fore becomes  a  subject  of  analysis  and  calculation. 
The  distribution  of  electricity  has  been  so  success- 
fully determined  by  the  analytical  investigations  of 
M.  PoisBon  and  Mr.  Ivory,  that  all  the  computed 
phenomena  have  been  confirmed  by  observation.. . 
It  is  found  by  direct  experiment  that  a  metallic 
globe  or  cylinder  contains  the  same  quantity  of 
electricity  when  hollow  that  it  does  when  solid; 
therefore  electricity  is  entirely  confined  to  the 
surfaces  of  bodies,  or,  if  it  does  penetrate  their 
substance,  the  deytb  is  inappreciable:    conse- 
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quently  the  quantity  bodies  are  capable  of  receiv- 
i&g  does  not  follow  the  proportion  of  their  bulk, 
but  depends  principally  upon  the  extent  of  surface 
oyer  which  it  is  spread ;  so  that  the  exterior  may 
be  positively  or  negatively  electric,  while  the  inte« 
Tior  is  in  a  state  of  perfect  neutrality. 

Electricity  of  either  kind  may  be  accumulated 
to  a  great  extent  in  insulated  bodies,  and  as  long 
as  it  is  quiescent  it  occasions  no  sensible  change 
in  their  properties,  though  it  is  spread  over  their 
surfaces  in  indefinitely  thin  layers.  When  re- 
strained by  the  non-conducting  power  of  the  at* 
mosphere,  the  tension  or  pressure  exerted  by  the 
electric  fluid  against  the  air  which  opposes  its. 
escape  is  in  the  ratio  compounded  of  the  repulsive. 
force  of  its  own  particles  at  the  surface  of  the 
stratum  of  the  fluid  and  of  the  thickness  of  that 
stratum ;  but  as  one  of  these  elements  is  alwaya 
proportional  to  the  other,  the  total  pressure  on 
every  point  must  be  proportional  to  the  square  of 
the'  thickness.  If  this  pressure  be  less  than  the 
cioercive  force  of  the  air,  the  electricity  is  retained; 
but  the  instant  it  exceeds  that  force  in  any  one 
|x>int  the  electricity  escapes,  which  it  will  do  when 
the  air  is  attenuated,  or  becomes  saturated  with 
moisture. 

•  The  power  of  retaining  electricity  depends  also 
upon'  the  shape  of  the  body.    It  is  most  ^«j»X^ 
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retamed  by  a  sphere,  next  to  tliat  hj  a  iplncQid^ 
but  it  leadily  escapes  from  a  pcmnt;  and^  on  tha 
oontraxy,  a  pointed  object  reoexves  itwkh  moat 
facility.  It  appears  £rom  analysia  tiuot  eiectiicit^ 
when  in  equilibria,  spreads  itself  in  a  thin  atrmtsm 
over  the  surface  of  a  sphere,  in  conseqfRnce  of  the 
repulsion  of  its  particles,  which  force  is  dimeted 
finm  the  centre  to  the  sur&ce.  In  an  oblong 
i^iheroid  the  intensity  or  thickness  ei  the  stratum 
of  electricity  at  the  extremities  of  the  two  axes  is 
exactly  in  the  proportion  of  the*  axes  themseiiea; 
hence,  when  the  ellipsoid  is  nrach  dvngated,  the 
dectricity  becomes  very  feeble  at  the  equator  and 
powerful  at  the  poles.  A  still  gseater  di£brenoe 
in  the  intensities  takes  place  in  bodies  oi  a  cyliB*^ 
•drical  or  prismatic  form,  and  the  more  so  in  pro- 
portion  as  their  length  exceeds  their  breaddi;* 
therefore  the  electrical  intensity  is  yerj  povezlcd 
at  a  point,  where  nearly  the  whole  electricity  in 
the  body  will  be  concentrated. 

A  perfect  conductor  is  not  mechanically  afiectsd 
by  the  passage  of  electricity,  if  it  be  of  sufficient 
size  to  carry  o£f  the  whole  ;  but  it  is  shivered  t» 
pieces  in  an  instant,  if  it  be  too  small  to  cany  off 
the  charge  :  this  also  happens  to  a  bad  condoctor. 
In  that  case  the  physical  change  is  generally  a 
separation  of  the  particles,  though  it  may  occa- 
sioaaHly  be  attributed  to  chanical  action,  or 
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pttDUtti  ffom  the  lieat  evolved  during  the  passage 
of  the  fluid;  but  all  these  effects  are  in  propor- 
tMm  to  the  obstacles  opposed  to  the  ireedom  of  its 
cemse.  The  heat  produced  by  the  electric  shook 
is  intense,  fusing  metals,  and  even  volatilizing 
flnhiitonces,  though  it  is  only  accompanied  hj 
hf^t  when  the  fluid  is  obstructed  in  its  passagcu 
£lectrical  light  is  perfectly  similar  to  solar  lights 
in  its  composition ;  it  seems  to  arise  from  the  con- 
densation of  the  air,  during  the  rapid  motion  of 
the  electricity,  and  varies  both  in  intensity  and 
colour  with  the  density  of  the  atmosphere.  £lec- 
tracity  is  occasionally  produced  by  pressure  and 
ficacture;  several  crystalline  substances  also  be- 
come electric  when  heated,  especially  tourmaline^ 
one  end  of  which  acquires  positive,  and  the  other 
negative  electricity,  while  the  intermediate  parti« 
Bflntral;  but  when  broken  through  the  middle 
each  fragment  is  found  to  possess  positive  elec- 
tricity at  one  end,  and  negative  at  the  other,  like 
the  entire  crystal.  Electricity  is  evolved  by  bodies 
pessing  from  a  liquid  to  a  solid  state,  also  by  the 
ponoduotion  and  condensation  of  vapour,  which  ie 
oonaequently  a  great  source  of  atmospheric  elec- 
tricity. 

The  atmosphere,  when  clear,  is  almost  always 
positivdy  electric;  its  electricity  is  stronger  in 
irintectban  in  summer,  during  the  day  thanin^ 
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the  night.  The  intensity  increases  for  two  or 
three  hours  from  the  time  of  sunrifie,  then  decreases 
towards  the  middle  of  the  day,  and  again  augments 
as  the  8un  declines,  till  about  the  time  of  sunset, 
after  which  it  diminishes,  and  continues  feeble 
during  the  night.  Atmospheric  electricity  tiriseB 
from  an  evolution  of  the  electric  fluid  during  the 
evaporation  that  is  so  abundant  at  the  surface  of 
the  earth ;  and  clouds  probably  owe  their  exiat- 
ence,  or  at  least  their  form,  to  it,  for  they  consist 
of  hollow  vesicles  of  vapour  coated  with  electricitj'; 
as  the  electricity  is  either  entirely  positive  or  ne- 
gative, the  vesicles  repel  each  other,  which  pre- 
vents them  from  uniting  and  falling  down  in  rain. 
The  friction  of  the  surfaces  of  two  strata  of  air 
moving  in  different  directions,  probably  developes 
electricity;  and  if  the  strata  be  of  different  tem- 
peratures, a  portion  of  the  vapour  they  always 
contain  will  be  deposited ;  the  electricity  evolved 
will  be  taken  up  by  the  vapour,  and  will  cause  it 
to  assume  the  vesicular  state  constituting  a  cloud, 
A  vast  deal  of  electricity  may  be  accumulated  in 
this  manner,  which  may  either  be  positive  or 
negative,  and  should  two  clouds  charged  with 
opposite  kinds  approach  within  a  certain  distance, 
the  thickness  of  the  coating  of  electricity  will 
increase  on  the  two  sides  of  the  clouds  that  are 
nearest  to  one  another ;  and  when  the  a 
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tion  becomes  so  great  as  to  overcome  the  coercive 
pressure  of  the  atmosphere,  a  discharge  takes 
place,  which  occasions  a  flash  of  lightning.  The 
actual  quantity  of  electricity  in  any  one  part  of  a 
cloud  is  extremely  small ;  the  intensity  of  the 
flash  arises  from  the  very  great  extent  of  surface 
occupied  by  the  electricity,  so  that  the  clouds  may 
be  compared  to  enormous  Leyden  jars  thinly 
coated  with  the  electric  fluid,  which  only  acquires 
its  intensity  by  its  instantaneous  condensation. 

An  interchange  frequently  takes  place  between 
the  clouds  and  the  earth,  but  on  account  of  the 
extreme  rapidity  of  lightning  it  is  difficult  to  ascer- 
tain whether  it  goes  from  the  clouds  to  the  earth,  or 
shoots  upwards  from  the  earth  to  the  clouds,  though 
there  can  be  no  doubt  that  it  does  both.  M .  Halvig 
measured  the  velocity  of  lightning  by  means  of  the 
camera  lucida,  and  estimates  that  it  is  probably  eight 
or  ten  miles  in  a  second,  or  about  forty  times  greater, 
than  that  of  sound  ;  and  M.  Gay-Lussac  has  ascer- 
tained that  a  flash  of  lightning  sometimes  darts 
more  than  three  miles  at  once  in  a  straight  line. 

A  person  may  be  killed  by  lightning,  although 
the  explosion  takes  place  at  the  distance  of  twenty 
miles,  by  what  is  called  the  back  stroke.  Suppose 
that  the  two  extremities  of  a  cloud  highly  charged 
ttrith  electricity  hang  down  towards  the  earth,  they 
will  repel  the  electricity  from  the  earth's  surface. 
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if  it  be  of  the  aaine  land  with  their  own,  and  wiM 
attract  the  other  kind;  and  if  a  diachsrge  should 
aiiddenly  take  place  at  one  end  of  the  cloud,  the 
eqnihlHnum  will  instantly  he  restored  by  a  flash  at 
Ihat  point  of  the  earth  which  is  under  the  othex. 

The  pure  air,  at  all  times  negatively  electnCi 
beoomes  intensely  so  on  the  approach  of  rain, 
■now,  wind,  hail,  or  sleet,  but  it  afterwards  vanea 
on  opposite  sides,  and  the  transitions  are  vexy 
rapid  on  the  approach  of  a  thunder-storm.  An 
insulated  conductor  then  gives  out  such  quantities 
of  aparks  that  it  is  dangerous  to  approach  it,  as  -^m 
fiUally  experienced  by  Professor  Richman,  at  Pe- 
tersburg, who  was  struck  dead  by  a  globe  of  fiie 
from  the  extremity  of  a  conductor,,  while  making 
e.perin.ents  on  Io»p»««c  electrici^.  ^S 
no  instance  on  record  of  an  electric  cloud  beii^ 
dispelled  by  a  conducting  rod  silently  withdraw- 
ing the  electric  fluid;  yet  it  may  mitigate  the 
stroke,  or  render  it  ham^kss  if  it  should  come. 
Sir  John  Leslie  observes,  that  the  efficacy  of 
conductors  depends  upon  the  rapidity  with  which 
they  transmit  the  electric  energy ;  and  as  copper 
is  found  to  transmit  the  fluid  twenty  times  faster 
than  iron,  and  as  iron  conducts  it  400000000  times 
more  rapidly  than  water,  which  conveys  it  several 
thousand  times  faster  than  dry  stone,  copper  con- 
ductors afford  the  heat  protection,  especially  if  th^ 
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expose  a  broad  surface,  since  the  electric  fluid  is 
conveyed  chiefly  along  the  exterior  of  bodies.  The 
object  of  a  conductor  being  to  carry  off  the  ekcK 
tncity  in  case  of  a  stroke,  and  not  to  invite  ait 
enemy,  it  ought  to  project  very  little,  if  at  all» 
^bove  the  building. 

Tbe  aurora  boorealis  is  decidedly  an  electrical  phe-- 
9Qin^on,  which  takes  ]^bce  in  the  highest  regiona 
ef  the  atmosphere,  since  it  ia  visible  at  the  saaia 
time  from  places  very  fa  distant  from  each  othec^ 
It  is  somehow  connected  with  the  magnetic  poles  of 
the  earth,  but  it  has  never  been  seen  so  far  nortk 
aa  the  pole  of  the  earth's  rotation,  nor  does  it 
eictend  to  low  latitudes  It  generally  appears  iik 
the  form  of  a  luminous  arch,  stretching  more  or 
lesB  iraok  east  to  west,  but  never  from  north  to 
aouth ;  across  the  arch  the  coruscations  are  rapid, 
vivid,  and  of  various  colours.  A  similar  phene*^ 
menon  occurs  in  the  high  latitu^  of  the  southern 
bemisphere.  Mr.  Faraday  <u)njectuie8  that  the 
electric  equilibrium  of  the  earth  is  restored  by 
means  of  the  aurora  conveying  the  electricity  from 
the  poles  to  the  equator. 
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SECTION   ZXIX. 

Galvanism  is  a  peculiar  kind  of  electricity,  eli- 
cited by  the  force  of  chemical  action,  instead  of 
friction.  It  is  connected  with  one  of  the  most 
brilliant  periods  of  British  science,fromthe  splendid 
discoveries  to  which  it  led  Sir  Humphry  Davy ; 
but  it  has  acquired  additional  interest  since  it  has 
been  proved,  by  the  reciprocal  action  of  galvanic 
and  magnetic  currents,  that  magnetism  has  no 
existence  as  a  distinct  or  separate  principle,  but  is 
only  an  effect  of  electricity  :  therefore,  galvanism, 
as  immediately  connected  with  the  theory  of  the 
earth  and  planets,  forms  a  part  of  the  physical 
iM^count  of  their  nature. 

The  disturbance  of  electric  equilibrium,  and  a  de- 
velopment of  electricity,  invariably  accompanies  the 
chemical  action  of  a  fluid  on  metallic  substances, 
and  is  most  plentiful  when  that  action  occasions 
oxidation.  Metals  vary  in  the  quantity  of  elec- 
tricity afforded  by  their  combination  with  oxygen ; 
but  the  greatest  abundance  is  developed  by  the 
oxidation  of  zinc  by  weak  sulphuric  acid ;  and  in 
conformity  with  the  law,  that  one  kind  of  elec- 
tricity cannot  be  evolved  without  an  equal  quantity 
of  the  other  being  brought  into  activity,  it  is  found 
that  the  acid  is  positively,  and  the  zinc  negatively 
electric.      It  has  not  yet  been  ascertained  why 
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equilibrium  is  not  restored  by  the  contact  of  these 
two  substances,  which  are  both  conductors,  and 
in  opposite  electrical  states ;  however,  the  electrical 
and  chemical  changes  are  so  connected,  that  unless 
the  equilibrium  be  restored,  the  action  of  the  acid 
will  go  on  languidly,  or  stop  as  soon  as  a  certain 
quantity  of  electricity  is  accumulated  in  the  a/cid. 
The  equilibrium,  however,  will  be  restored,  and 
the  action  of  the  acid  will  be  continuous,  if  a  plate 
of  copper  be  placed  in  contact  with  the  zinc,  both 
being  partly  immersed  in  the  fluid ;  for  the  copper, 
not  being  acted  upon  by  the  acid,  will  serve  as  a 
conductor  to  convey  the  positive  electricity  from 
the  acid  to  the  zinc,  and  will  at  every  instant 
restore  the  equilibrium,  and  then  the  oxidation  of 
the  zinc  will  go  on  rapidly.     Thus  three  sub- 
stances are  concerned  in  forming  a  galvanic  circuit, 
but  it  is  indispensable  that  one  of  them  be  a  fluid. 
The  electricity  so  obtained  will  be  very  feeble,  but 
it  piay  be  augmented  by  increasing  the  number  of 
plates.    In  the  common  galvanic  battery,  the  elec- 
tiicity  which  the  fluid  has  acquired  from  the  first 
plate  of  zinc  exposed  to  its  action,  is  taken  up  by 
the  copper  plate  belonging  to  the  second  pair,  and 
transferred  to  the  second  zinc  plate  with  which  it 
is  connected.    This  second  plate  of  zinc  having 
thus  acquired  a  larger  portion  of  electricity  than 
its  natural  share,  communicates  a  larger  quantity 
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of  electricity  to  the  fluid  in  tiie  second  cell.  This 
TncTeased  quantity  is  again  transferred  to  the  next 
pair  of  plates;  and  thus  every  succeeding  alterna- 
tion is  prodoctive  of  a  further  increase  in  tUe 
quantity  of  the  electricity  developed.  This  action, 
however,  would  stop  unless  a  vent  were  given  to 
the  accumulated  electricity,  hy  establishing  a  com- 
munication between  the  positive  and  n^ative 
poles  of  the  battery,  by  means  of  wires  attached 
to  the  extreme  plate  at  each  end.  When  the 
wires  are  brought  into  contact,  the  galvanic  cir- 
cuit is  completed,  the  electricities  meet  and  neu- 
tralize each  other,  producing  the  shock  and  other 
electrical  phenomena,  and  then  the  electric  cur- 
rent continue*  to  flow  uninterruptedly  in  the  cir- 
cuit, as  long  as  the  chemical  action  lasts.  The 
stream  of  positive  electricity  flows  from  the  zinc 
to  the  copper,  but  as  the  battery  ends  in  a  zinc 
plate  which  communicates  with  the  wire,  the  zinc 
end  becomes  the  positive,  and  the  copper  the  ne- 
gative poles  of  a  compound  battery,  which  is  ex- 
actly the  reverse  of  what  obtains  in  a  single  circuit. 
Galvanic  or  voltaic,  like  common  electricity, 
may  either  be  considered  to  consist  of  two  fluids 
passing  in  opposite  directions  through  the  circuit, 
the  positive  stream  coming  from  the  zinc,  and  the 
negative  from  the  copper  end  of  the  battery ;  or, 
ifAe  hypotheBi^  of  one;  ftuid  be  adopted,  the  zinc 
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end  of  t^e  battery  may  be  supposed  to  baye  an 
excess  of  electricity,  and  tbe  copper  end  a  defi^ 
ciency. 

Voltaic  electricity  is  distingoisbed  by  two 
ntaiked  cbaracters.  Its  intensity  kicreases-  wHb 
tbe  number  of  plates — its  quantity  with  the  ex- 
tent of  their  surfaces.  The  most  intense  concen- 
tration of  force  is  displayed  by  a  numerous  series  of 
large  plates,  light  and  heat  are  copiously  evolved, 
aild  chemical  decomposition  is  accomplished  with 
extraordinary  enei^;  whereas,  the  electricity 
from  one  pair  of  plates  is  so  feeble,  whatever  thdr 
size  may  be,  that  it  gives  no  sign  either  of  attrac- 
tion or  repulsion ;  and,  even  with  a  battery  cob- 
ftsting  of  a  very  great  number  of  plates,  it  is 
^^Efficult  to  render  the  mutual  attraction  of  its  two 
irires  sensible,  though  of  opposite  electricities. 

The  action  of  voltaic  electricity  diflers  mate^ 
Tially  from  that  of  the  ordinary  kind.  When  a 
quantity  of  conmion  electricity  is  accimmlated, 
fte  restoration  of  equilibrium  is  attended  by  aa 
instantaneous  violent  explosion,  accompanied  by 
iShe  development  of  light,  heat,  and  sound.  The 
concentrated  power  of  the  fluid  forces  its  wi^ 
through  every  obstacle,  disrupting  and  destroying 
tiie  cohesion  of  the  particles  of  the  bodies  through 
iHnch  it  passes,  and  occasionally  increasing  its 
destmctive  effects  by  the  conversion  of  fluidAisiJs^ 
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■team  from  the  intensity  of  the  momentary  heat, 
at  when  trees  are  torn  to  pieces  by  a  stroke  of 
lightning :  even  the  vivid  light  which  marks  the 
path  of  the  electric  fluid  is  probably  owing  to 
the  sudden  compression  of  the  air  and  other 
particles  of  matter  during  the  rapidity  of  its 
passage;  but  the  instant  equilibrium  is  restored 
by  this  energetic  action,  the  whole  is  at  an  end. 
On  the  contrary,  when  an  accumulation  takes 
place  in  a  voltaic  battery,  equilibrium  is  restored 
the  moment  the  circuit  is  completed;  but  so  far 
is  the  electric  stream  from  being  exhausted,  that 
it  continues  to  flow  silently  and  invisibly  in  an 
uninterrupted  current  supplied  by  a  perpetual  re- 
production ;  and  although  its  action  on  bodies  is 
neither  so  sudden  nor  so  intense  as  that  of  com- 
mon electricity,  yet  it  acquires  such  power  from 
constant  accumulation  and  continued  action,  that 
it  ultimately  surpasses  the  energy  of  the  other. 
The  two  kinds  of  electricity  difler  in  no  circum- 
stance more  than  in  the  development  of  heat. 
Instead  of  a  momentary  evolution,  which  seems  to 
arise  from  a  forcible  compression  of  the  particles 
of  matter  during  the  passage  of  the  common  elec- 
tric fluid,  the  circulation  of  the  voltaic  electricity 
is  accompanied  by  a  continued  development  of 
heat,  lasting  as  long  as  the  circuit  is  complete, 
without  producing  either  light  or  sound ;  and  this 
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appears  to  be  its  immediate  direct  effect,  inde- 
pendent of  mechanical  action.  Its  intensity  is 
greater  than  that  of  any  heat  that  can  be  obtained 
by  artificial  means,  so  that  it  fuses  substances 
which  resist  the  action  of  the  most  powerful  fur- 
naces. The  temperature  of  every  part  of  a  gal- 
vanic battery  itself  is  raised  during  its  activity. 

When  the  battery  is  powerful,  the  luminous 
effects  of  galvanism  are  very  brilliant ;  but  con- 
■iderable  intensity  is  requisite  to  enable  the  elec-' 
tricity  to  force  its  way  through  the  air  on  bringing 
the  wires  together  from  the  opposite  poles.  Its 
transit  is  accompanied  by  light,  and  in  conse- 
quence of  the  continuous  supply  of  the  fluid, 
sparks  occur  every  time  the  contact  of  the  wires 
is  either  broken  or  renewed.  The  most  splendid 
artificial  light  known  is  produced  by  fixing  pencils 
of  charcoal  at  the  extremities  of  the  wires,  and 
bringing  them  into  contact.  This  light  is  the 
more  remarkable  as  it  appears  to  be  independent 
of  combustion,  since  the  charcoal  suffers  no 
change,  and  likewise  because  it  is  equally  vivid 
in  such  gases  as  do  not  contain  oxygen.  Though 
nearly  as  bright  as  solar  light,  it  differs  from  it  in 
possessing  some  of  those  rays  of  which  the  sun- 
beams are  deficient,  according  to  the  experiments 
of  M.  Fraunhofer.  Voltaic  electricity  is  a  power- 
ful agent  in  chemical  analysis ;  numerous  in«UA.ct» 

X 
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might  be  given,  but  the  deoompoaition  of  witer  ir 
perhaps  the  moat  simple  and  elegant.  Suppoae  ft 
glaaa  tube  filled  with  very  puie  water,  and  eorirad 
at  both  ends :  if  one  of  the  wirea  of  an  active  gal- 
vanic battery  be  made  to  pass  throogh  one  eoric, 
and  the  other  through  the  other  code,  into  the 
water,  ao  that  the  eztremitiea  of  the  two  wirea  shall 
be  opposite  and  about  a  quarter  of  an  inch  aaunder, 
chemical  action  will  immediately  take  place,  and 
gaa  will  continue  to  rise  firom  the  extremitiea  of 
both  wires  till  the  water  has  vanished.  If  an 
electric  spark  be  then  sent  through  the  tube,  the 
water  will  xeappear.  By  arranging  the  experi- 
ment so  as  to  have  the  gas  given  out  by  each  wire 
separately,  it  is  found  that  water  consists  of  two 
parts  of  hydrogen  and  one  of  oxygen.  The  posi- 
tive wire  of  the  battery  has  a  stronger  affinity  for 
oxygen  than  oxygen  has  for  hydrogen ;  it  conse- 
quently combines  with  the  oxygen  of  the  water, 
and  sets  the  hydrogen  free ;  but  as  the  negative 
wire  has  a  stronger  affinity  for  hydrogen  than  hy- 
drogen has  for  oxygen,  it  combines  with  the  hydro- 
g^en  of  the  water,  and  sets  the  oxygen  free.  14 
therefore,  an  electric  spark  be  sent  through  a  mix- 
ture consisting  of  two  parts  of  hydrogen  and  cme 
of  oxygen,  the  gases  will  combine  and  form  water. 
The  decomposition  of  the  alkalies  and  eartlvi  by 
Sir  Humphry  Davy,  and  all  chemical  changes  pio- 
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dnced  by  the  ekctric  flmd,  are  accompHBbed  on 
the  same  principle^  and  it  appenv  tint,  in  genend, 
eemibuitible  aiibstanca  go  to  the  n^fative  wive, 
while  oocygen  is  eyolved  at  the  poiitife.  Tke 
powerfnl  efficacy  of  voltaic  ekctricity  in  chemical 
decomposition  atritea  from  the  continuance  o£  its 
action,  and  its  agency  appears  to  be  most  exerted 
en  fluids  and  substances  which,  by  conveying  the 
electricity  partially  and  imperfectly,  impede  its 
progress.  But  it  is  now  proved  to  be  as  effica* 
eions  in  the  composition  as  in  the  decompoeitHni 
or  analysis  of  bodies. 

•  It  had  been  observed  that,  when  metallie  sohn 
tions  are  subjected  to  galvanic  action,  a  depontim 
of  metal,  generally  in  the  form  of  minute  crystala, 
takes  place  on  the  negative  wire:  by  extending 
this  principle,  and  employing  a  very  fbebk  voltaic 
action,  M.  Becquerel  has  succeeded  in  fonBing 
crystals  of  ,a  great  proportion  of  the  mineral  sub- 
stances precisely  similar  to  those  prodneed  bj 
nature.  The  electric  state  of  metallic  veina 
makes  it  possible  that  many  natural  crystals  ma^ 
have  ti^en  their  form  from  the  action  of  electrioitf 
bringing  their  ultimate  particles,  whenrhi  selntioD, 
within  the  narrow  sphere  of  molecular  attraction 
afaready  mentioned  as  the  great  agent  in  the  tem- 
ation  of  solids.  Both  light  and  motion  favour  ciya-> 
talliaation.  GryvtakHirliiKdilinniiQdlfoeati^^ 
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axe  generally  more  abundant  on  the  aide  of  the  jar 
exposed  to  the  light ;  and  it  is  a  well-known  fact 
that  atiU  water,  cooled  below  32°,  atarts  into  crys- 
tals of  ice  the  instant  it  is  agitated.  Light  and 
motion  are  intimately  connected  with  electricity, 
which  may  therefore  have  some  influence  on  the 
laws  of  aggregation ;  this  is  the  more  likely,  as  n 
feeble  action  is  alone  necessary,  provided  it  be 
continued  for  a  sufficient  time.  Crystals  formed 
rapidly  are  generally  imperfect  and  soft,  and  M* 
Becquerel  found  that  even  years  of  constant  voltaic 
action  were  necessary  for  the  crystallization  of 
Bome  of  the  hard  substances.  If  this  law  be  gene- 
ral, how  many  ages  may  be  required  for  the  form- 
ation of  a  diamond ! 

Several  fish  possess  the  faculty  of  producing 
electrical  effects.  The  most  remarkable  are  the 
gymnotus  electricus,  found  in  South  America,  and 
the  torpedo,  a  species  of  ray,  frequent  in  the  Me- 
diterranean. The  absolute  quantity  of  electricity 
brought  into  circulation  by  the  torpedo  is  so  great 
that  it  effects  the  decomposition  of  water,  has 
power  sufficient  to  make  magnets,  and  gives  very 
severe  shocks ;  it  is  identical  in  kind  with  that  of 
the  galvanic  battery,  the  electricity  of  the  undor 
surface  of  the  fish  being  the  same  with  the  nega- 
tive pole,  and  that  in  the  upper  surface  the  same 
with  the  positive  pole:  its  manner  of  action  is, 
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however,  somewhat  dififerent,  for,  although  the 
evolution  of  the  electricity  is  continued  for  a  sen- 
sihle  time,  it  is  interrupted,  being  communicated 
by  a  succession  of  discharges. 

SECTION  XXX. 

In  order  to  explain  the  other  methods  of  exciting 
electricity,  and  the  recent  discoveries  that  have 
been  made  in  that  science,  it  is  necessary  to  be 
acquainted  with  the  general  theory  of  magnetism, 
and  also  with  the  magnetism  of  the  earth,  the 
director  of  the  mariner's  compass,  and  his  guide 
through  the  ocean.  Its  influence  extends  over 
every  part  of  the  earth's  surface,  but  its  action  on 
the  magnetic  needle  determines  the  poles  of  this 
great  magnet,  which  by  no  means  coincide  with 
the  poles  of  the  earth's  rotation.  In  consequence 
of  their  attraction  and  repulsion,  a  needle  freely 
suspended,  whether  it  be  magnetic  or  n^t,  only 
remains  in  equilibrio  when  in  the  magnetic  meri- 
dian, that  is,  in  the  plane  which  passes  through 
the  north  and  south  magnetic  poles.  There  are 
places  where  the  magnetic  meridian  coincides  with 
the  terrestrial  meridian;  in  these  a  magnetic 
needle  freely  suspended  points  to  the  true  north; 
but  if  it  be  carried  successively  to  different  places 
on  the  earth's  surface,  its  directioii  ^v\\  ^nSaX^ 
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•ometmies  to  the  eart  tad  eometinai  to  tiie  weit 
ti  north.  Lines  drawn  on  the  globe,  through  all 
the  places  where  the  needle  points  dne  nortii  and 
south,  are  called  lines  of  no  variation,  and  thej 
are  extremely  complicated.  The  direction  of  the 
needle  is  not  even  constant  in.  the  same  place,  but 
changes  in  a  few  years  according  to  a  law  not  yet 
determined.  In  1657,  the  line  of  no  yariatioa 
passed  through  London;  from  that  time  it  hat 
moved  slowly,  but  irregularly,  westward,  and  is 
now  in  North  America.  In  the  year  1S19,  Sk 
Edward  Parry,  in  his  voyage  to  discover  the  nor(^ 
west  passage  round  America,  sailed  near  the 
magnetic  pole;  and  in  1824,  Captain  Lyon,  on 
an  expedition  for  the  same  purpose,  found  that 
the  magnetic  pole  was  then  situate  in  63®  26'  SI*' 
north  latitude,  and  in  80®  51'  25"  west  longitude; 
It  appears,  from  later  researches,  that  the  law  of 
terrestrial  magnetism  is  of  considerable  complexity 
and  the  existence  of  more  than  one  magnetic 
pole  in  either  hemisphere  has  been  rendered  hi^y 
probable ;  that  there  is  one  in  Siberia  seems  to  be 
decided  by  the  recent  observations  of  M.  Han- 
steen, — it  is  in  longitude  102®  east  of  Greenwich, 
and  a  little  to  the  north  of  the  60th  diegree  of 
latitude  :  so  that,  by  these  data,  the  two  magnetic 
poles  in  the  northern  hemisphere  are  about  18(f 
distant  from  each  ollost -,  WtOa^T^tn  Rose,  who 
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is  just  returned  from  ayoyage  in  the  polar  seaa, 
jbas  ascertained  that  the  American  magnetic  pok 
»  in  'JO^  14^  north  latitude,  and  96""  40'  west 
iongttadfi.  The  magnetic  ecjuator  does  not  ex-^ 
sctly  coincide  with  the  terrestrial  equator;  it 
appean  to  he  an  irregular  curve  inclined  to  the 
earth's  equator  at  an  angle  of  about  12°,  and 
crossing  it  in  at  least  three  points  in  longitude 
113°  14'  west,  and  66°  46'  east  of  the  meridian  of 
CSnenwich,  and  again  somewhere  between  156°  dtf 
of  west  longitude,  and  116°  east. 

l%e  needle  is  also  subject  to  diurnal  Tariations ; 
in  our  latitudes  it  moves  slowly  eastward  during 
i^  forenoon,  and.  returns  to  its  mean  position 
about  ten  in  the  evening ;  it  then  deviates  to  the 
westward,  and  again  returns  to  its  mean  position 
dbout  ten  in  the  morning.  M.  Kup£^,  of  Casan^ 
Mcm^ned,  in  the  year  1881,  that  there  is  a 
iiighdy,  as  well  as  a  diurnal  variation,  depending, 
JB  hn  opinion,  upon  a  variation  in  the  magnetic 
equator. 

'  A  magnetic  needle,  suiqpended  so  as  to  be 
wweable  only  in  tiie  vertical  plane,  c^ips,  9t 
becomes  more  and  more  indined  to  the  horizon 
^le  nearer  it  is  brought  to  ^  magnetic  pole,  and 
there  becomes  vertical.  At  the  magnetic  equator 
it  is  hoiizontal,  and  between  these  two  positions 
ifrnsBumes  evay  degvse  of  meUnat»«a.    C«:^:^xi 
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Lyon  found  that  the  dip  in  the  latitude  and  longi- 
tude mentioned,  very  near  the  magnetic  pole,  was 
86^  32',  and  Captain  Segelke  determined  it  to  he 
69^  38' at  Woolwich  in  1830.  According  to  Cap- 
tain Sahine,it  appears  to  have  heen  decreasing  for 
ihe  last  fifty  years  at  the  rate  of  three  minutes 
Annually. 

If  a  magnetised  needle  freely  suspended,  and  at 
rest  in  the  magnetic  meridian,  he  drawn  any 
numher  of  degrees  from  its  position,  it  will  make 
a  certain  number  of  oscillations  before  it  resumes 
its  state  of  rest.  The  intensity  of  the  magnetic 
force  is  determined  from  these  oscillations  in  the 
same  manner  that  the  intensity  of  the  gravitating 
and  electrical  forces  are  known  from  the  vibrations 
of  the  pendulum  and  the  balance  of  torsion,  and  in 
all  these  cases  it  is  proportional  to  the  square  of  the 
number  of  oscillations  performed  in  a  given  time; 
consequently  a  comparison  of  the  number  of  vi- 
brations accomplished  by  the  same  needle,  during 
the  same  time,  in  different  parts  of  the  earth's 
surface,  will  determine  the  variations  in  the  mag- 
netic action.  By  this  method  Humboldt  and 
Rossel  have  discovered  that  the  intensity  of  the 
magnetic  force  increases  from  the  equator  to  th^ 
poles,  where  it  is  probably  at  its  maximum.  It 
appears  to  be  doubled  in  the  ascent  from  the  equa- 
tor to  the  western  limits  of  Ba£Gin's  Bay.    Accord^ 
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ing  to  the  mimetic  observations  of  Professor 
Hansteen,  of  Christiania,  the  magnetic  intensity 
has  been  decreasing  annually  at  Christiania,  Lon- 
don, and  Paris,  at  the  rate  of  its  235th,  725th, 
and  1020th  parts,  respectively,  which  he  attri- 
butes to  the  revolution  of  the  Siberian  magnetic 
pole.  There  is,  however,  so  much  uncertainty  in 
the  magnetic  phenomena  of  the  earth,  that  the 
results  require  to  be  continually  corrected  by  new 
observations. 

The  inventor  of  the  mariner's  compass,  like 
most  of  the  early  benefactors  of  mankind,  is 
unknown ;  it  is  even  doubted  which  nation  first 
made  use  of  magnetic  polarity  to  determine 
positions  on  the  surface  of  the  globe;  but  it  is 
said  that  a  rude  form  of  the  compass  was  in- 
vented in  Upper  Asia,  and  conveyed  thence  by 
the  Tartars  to  China,  where  the  Jesuit  missionaries 
found  traces  of  this  insthmient  having  been  emr 
ployed  as  a  guide  to  land  travellers  in  very  remote 
antiquity.  From  that  the  compass  spread  over  the 
east,  and  was  imported  into  Europe  by  the  Crur 
■aders,  and  its  construction  improved  by  an  artist 
of  Amalfi,  on  the  coast  of  Calabria.  It  seems  that 
the  Romans  and  Chinese  only  employed  eight  car- 
dinal divisions,  which  the  Gfermans  successively 
Insected  till  there  were  thirty-two,  and  gave  the 
points  the  names  which  they  stDl  bear. 


814  oomfnaoir  op 


Tlie  Tariation  of  the  oomptm  mm  unknown  ItiU 
Cdnmbas,  during  his  firet  yoyage,  observed  tbiit 
Ae  needle  declined  from  the  meridian  as  he  ad- 
vanced across  the  Atlantic.  The  dip  of  the  mag- 
netic needle  was  first  noticed  by  Robert  Norman, 
in  the  year  1576. 

Veiy  delicate  experiments  have  shown  that  all 
bodies  are  more  or  less  susceptible  of  magnetisn. 
Many  of  the  gems  give  signs  of  it ;  cobalt,  tita- 
nium, and  nickel  sometimes  even  possess  the  pro- 
perties of  attraction  and  repulsion ;-  but  t^e  mag- 
netic agency  is  most  powerfully  developed  m  iron; 
and  in  that  particular  ore  of  iron  called  the  load- 
stone, which  consists  of  the  protoxide  and  the 
peroxide  of  iron,  together  with  small  portions  of 
silica  and  ahnnina.  A  metal  is  often  susceptible 
of  magnetism  if  it  only  contains  the  130000th 
part  of  its  weight  of  iron,  a  quantity  too  ranall  to 
be  detected  by  any  chemical  test. 

The  bodies  in  question  are  naturally  magnetic, 
but  that  property  may  be  imparted  by  a  variety  of 
methods,  as  by  friction  with  magnetic  bodies,  or 
juxtaposition  to  them,  but  none  is  more  simple 
than  percussion.  A  bar  of  hard  steel,  held  in  the 
direction  of  the  dip,  will  become  a  magnet  on 
receiving  a  few  smart  blows  with  a  hammer  on  its 
upper  extremity;  and  M.  Hensteen  has  ascer* 
tained  that  eYery  a\isiBfea.xtf»  b».%  magnetic  poles 
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when  hdd  in  that  position,  whatever  the  materialt 
may  he  of  which  it  is  composeoL 

One  of  the  most  distinguishing  maxks  of  mag»> 
netism  is  pokrity:,  or  the  property  a  magnet  pos* 
eesses,  when  freely  sospended,  of  spontaneously 
pointing  nearly  north  and  south,  and  always  xe* 
tucning  to  that  position  when  disturbed.  Another 
l^vperty  of  a  magnet  is  the  attraction  of  unmagf 
Betised  iron.  Both  poles  of  a  magnet  attract  iron, 
which  in  return  attracts  either  pole  of  the  magnet 
with  an  equal  and  contrary  force.  The  magnetic 
intensity  is  most  powerful  at  the  poles,  as  may 
easily  be  seen  by  dipping  the  mi^et  into  iron 
fUiings,  which  will  adhere  abundantly  to  each  pofe^ 
while  scarcely  any  attach  themselves  to  the  inter* 
mediate  parts.  The  action  of  the  magnet  on  un- 
magnetised  iron  is  confined  to  attraction,  whereas 
tbe  reciprocal  agency  of  magnets  is  characterised 
by  a  repulsive  as  well  as  an  attractive  f(»ce,  for  a 
north  pole  repels  a  north  pole,  fmd  a  south  repels 
a  south  pole  ;  but  a  north  and  a  south  pole  muto^ 
idly  attract  one  another,  which  proves  that  tibere 
are  two  distinct  kinds  of  magnetic  forces,  directly 
orpposke  in  their  effects,  though  similar  m  their 
jQode  of  action. 

Induction  is  tbe  power  which  a  magnet  possesses 
of  exciting  temporary  or  permanent  magnetism 
In  suoh  bodies  in  its  vicinity  as  axe  CKi^\se^  «& 
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receiving  it.  By  this  property  the  mere  approach 
of  a  magnet  renders  iron  or  steel  magnetic,  the 
more  powerfully  the  less  the  distance.  When  the 
north  pole  of  a  magnet  is  brought  near  to,  and  in 
the  line  with  an  unmagnetised  iron  bar,  the  bar  ac- 
quires all  the  properties  of  a  perfect  magnet,  the 
end  next  the  north  pole  of  the  magnet  becomes  a 
south  pole,  while  the  remote  end  becomes  a  north 
pole.  Exactly  the  reverse  takes  place  when  the 
south  pole  is  presented  to  thebfu*;  so  that  each 
pole  of  a  magnet  induces  the  opposite  polarity  in 
the  adjacent  end  of  the  bar,  and  the  same  polari^ 
in  the  remote  extremity ;  consequently  the  nearest 
extremity  of  the  bar  is  attracted,  and  the  farther 
repelled,  but  as  the  action  is  greater  on  the  adja- 
cent than  on  the  distant  part,  the  resulting  force 
is  that  of  attraction.  By  induction,  the  iron  bar 
not  only  acquires  polarity,  but  the  power  of  in^- 
ducing  magnetism  in  a  third  body ;  and  although 
all  these  properties  vanish  from  the  iron  as  soon  as 
the  magnet  is  removed,  a  lasting  increase  of  intensity 
is  generally  imparted  to  the  magnet  itself  by  the  re^ 
action  of  the  temporary  magnetism  of  the  iron.  Iron 
acquires  magnetism  more  rapidly  than  steel,  yet  it 
loses  it  as  quickly  on  the  removal  of  the  magnel^ 
whereas  the  steel  is  impressedwith  a  lasting  polarity. 
A  certain  time  is  requisite  for  the  induction  of 
magnetism,  and  it  ma^  \^^  «.coderated  by  anything 
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that  excites  a  vibratory  motion  in  the  particles  of 
the  steel,  such  as  the  smart  stroke  of  a  hammer, 
or  heat  succeeded  by  sudden  cold.  A  steel  bar 
may  be  converted  into  a  magnet  by  the  transmis- 
sion of  an  electric  discharge  through  it,  and  as  its 
efficacy  is  the  same  in  whatever  direction  the  elec- 
tricity passes,  the  magnetism  arises  from  its  me- 
chanical operation  exciting  a  vibration  among  the 
particles  of  the  steel.  It  has  been  observed  that  the 
particles  of  iron  easily  resume  their  neutral  state 
after  induction,  but  that  those  of  steel  resist  the 
restoration  of  magnetic  equilibrium,  or  a  return  to 
the  neutral  state :  it  is  therefore  evident,  that  any 
cause  which  removes  or  diminishes  the  resistance 
of  the  particles  will  tend  to  destroy  the  magnetism 
of  the  steel ;  consequently,  the  same  mechanical 
means  which  develope  magnetism  will  also  destroy 
it.  On  that  account,  a  steel  bar  may  lose  its  mag- 
netism by  any  mechanical  concussion,  such  as  by 
falling  on  a  hard  substance,  a  blow  with  a  hammer, 
and  heating  to  redness,  which  reduces  the  steel  to 
the  state  of  soft  iron.  The  circumstances  which 
determine  whether  it  shall  gain  or  lose  being  its 
position  with  respect  to  the  magnetic  equator,  and 
the  higher  or  lower  intensity  of  its  previous  mag- 
netic state. 

Polarity  of  one  kind  only  cannot  exist  in  any- 
portion  of  iron  or  steel,  for  in  whatevec  taaxoi^ 
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the  intenaities  of  the  two  kinds  of  polarity  may  be 
difivwed  through  a  magnet,  they  exactly  balance 
or  compensate  one  another.  The  northern  pola- 
rity is  confined  to  one  half  of  a  magnet,  and  the 
aonthem  to  the  other,  and  they  are  generally  con- 
centrated in  or  near  the  extremities  of  the  bar. 
When  a  magnet  is  broken  across  its  middle,  each 
fragment  is  at  once  converted  into  a  perfect  mag- 
net ;  the  part  which  originally  had  a  north  pole, 
acquires  a  south  pole  at  the  fractured  end,  the 
part  that  originally  had  a  south  pole  gets  a  noiih 
pole;  and  as  far  as  mechanical  division  can  he 
carried,  it  is  found  that  each  fragment,  however 
small,  is  a  perfect  inagnet. 

A  comparison  of  the  number  of  vibrations  ac- 
complished by  the  same  needle,  during  the  aame 
time,  at  different  distances  from  a  magnet,  gives 
the  law  of  magnetic  intensity,  which,  like  every 
known  force  that  emanates  from  a  centre,  follows 
the  inverse  ratio  of  the  square  of  the  distance,  a 
law  that  is  not  affected  by  the  intervention  of  any 
substance  whatever  between  the  magnet  and  the 
needle,  provided  that  substance  be  not  itself  sus- 
ceptible of  magnetism.  Induction  and  the  reci- 
procal action  of  magnets  are,  therefore,  subject  to 
the  laws  of  mechanics,  but  the  composition  and 
resolution  of  the  forces  are  complicated,  in  conse- 
quence of  four  forces  being  constantly  in  activity* 
two  in  each  magueU 
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The  phenomeDa  of  magnetism  may  be  explained 
on  the  hypothesis  of  two  extremely  rare  fluids  per- 
vading all  the  particles  of  iron,  and  iucapaUe  mi 
leaving  them.  Whether  the  particles  of  these  fluids 
aie  xcHncident  with  the  molecules  of  the  iron,  or 
that  they  only  fill  the  interstices  between  them,  is 
unknown  and  immaterial ;  but  it  is  certain  that  the 
sum  of  all  the  magnetic  molecules,  added  to  the 
sum  of  all  the  spaces  between  them,  whether  oc- 
cupied by  matter  or  not,  must  be  equal  to  the 
whole  volume  of  the  magnetic  body.  When  the 
two  fluids  in  question  are  combined  they  are  inert, 
ao  that  the  substances  containing  them  show  no 
signs  of  magnetism ;  but  when  separate  they  are 
active,  the  molecules  of  each  of  the  fluids  attract- 
ing those  of  the  opposite  kind,  and  repelling  those 
of  the  same  kind.  The  decomposition  of  tiie 
united  fluids  is  accomplished  by  the  inductive 
iiifliKnce  of  either  of  the  separate  fluids ;  that  is 
to  say,  a  ferruginous  body  acquires  polarity  by  the 
approach  of  either  the  south  or  north  pole  of  a 
magnet.  The  electric  fluids  are  confined  to  the 
nir£Eices  of  bodies,  whereas  the  mimetic  fluids  per- 
Tade  each  molecule  of  the  mass ;  besides,  the  elec- 
tric fluid  has  a  perpetual  tendency  to  escape,  and 
does  escape,  when  not  prevented  by  the  coercive 
power  of  the  surrounding  air  and  other  non-con- 
ducting bodies.    Such  a  tendency  does  not  exist 
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in  the  magnetic  fluids,  which  never  quit  the  sub- 
stance that  contains  them  under  any  circumstances 
whatever ;  nor  is  any  sensible  quantity  of  either 
kind  of  polarity  ever  transferred  from  one  part  to 
another  of  the  same  piece  of  steel.     It  appears 
that  the  two  magnetic  fluids,  when  decomposed  by 
the  influence  of  magnetising  forces,  only  undergo 
a  displacement  to  an  insensible  degree  within  the 
body.    The  action  of  all  the  particles  so  displaced 
upon  a  particle  of  the  magnetic  fluid  in  any  par- 
ticular situation,  compose  a  resultant  force,  the 
intensity  and  direction  of  which  it  is  the  province 
of  the  analyst  to  determine.      In  this  manner 
M.  Poisson  has   proved  that   the  result   of  the 
action  of  all  the  magnetic  elements  of  a  mag- 
netised body  is  a  force  equivalent  to  the  action  of 
a  very  thin  stratum  covering  the  whole  surface  of 
a  body,  and  consisting  of  the  two  fluids — ^the 
austral  and  the  boreal,  occupying  diflerent  partis 
of  it;    or,  in  other  words,  the  attractions  and 
repulsions  externally  exerted  by  a  magnet  are 
exactly  the  same  as  if  they  proceeded  from  a  very 
thin  stratum  of  each  fluid  occupying  the  surface 
only,  both  fluids  being  in  equal  quantities,  and  so 
distributed  that  their  total  action  upon  all  the 
points  in  the  interior  of  the  body  are  equal  to 
nothing.     Since  the  resulting  force  is  the  differ- 
ence of  the  two  polarities,  its  intensity  must  ht 
greatly  inferior  to  xWl  oi  €\\3t«x. 
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It  may  be  observed  that,  in  addition  to  the 
forces  already  mentioned,  there  must  be  some 
coercive  force  analogous  to  friction  which  arrests 
the  particles  of  both  fluids,  so  as  first  to  oppose 
the  separation  of  the  fluids,  and  then  to  prevent 
their  reuniting.  In  soft  iron  the  coercive  force  is 
either  wanting  or  extremely  feeble,  since  the  iron 
is  easily  rendered  magnetic  by  induction,  and  aa 
easily  loses  its  magnetism ;  whereas  in  steel  the 
coercive  force  is  extremely  energetic,  because  it 
prevents  the  steel  from  acquiring  the  magnetic 
properties  rapidly,  and  entirely  hinders  it  from 
losing  them  when  acquired.  The  feebleness  of 
the  coercive  force  in  iron,  and  its  energy  in  steel, 
with  regard  to  the  magnetic  fluids,  is  perfectly 
analogous  to  the  facility  of  transmission  afforded 
to  the  electric  fluids  by  non-electrics,  and  the 
resistance  they  experience  in  electrics.  At  every 
step  the  analogy  between  magnetism  and  elec- 
tricity becomes  more  striking.  The  agency  of 
attraction  and  repulsion  is  common  to  both,  the 
positive  and  negative  electricities  are  similar  to 
the  northern  and  southern  polarities,  and  are 
governed  by  the  same  laws,  namely,  that  between 
like  powers  there  is  repulsion,  and  between  unlike 
powers  there  is  attraction;  each  of  these  four 
forces  is  capable  of  acting  most  energetically  when 
alone,  but  the  electric  equilibrium  is  re«toteiiVR} 
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the  union  of  the  two  electricities,  and  magnetic 
neutrality  by  the  combination  of  the  two  polari- 
ties, thus  respectively  neutralizing  each  other  when 
joined.  All  these  forces  vary  inversely  as  the 
square  of  the  distance,  and  consequently  come 
under  the  same  mechanical  laws.  A  like  analogy 
extends  to  magnetic  and  electrical  induction. 
Iron  and  steel  are  in  a  state  of  equilibrium  when 
the  two  magnetic  polarities  conceived  to  reside  in 
them  are  equally  diffused  throughout  the  whole 
mass,  so  that  they  are  altogether  neutral.  But 
this  equilibrium  is  immediately  disturbed  on  the 
approach  of  the  pole  of  a  magnet,  which  by  induc- 
tion transfers  one  kind  of  polarity  to  oue  end  of 
the  iron  or  steel  bar,  and  the  opposite  kind  to 
the  other, — effects  exactly  similar  to  electrical 
induction.  There  is  even  a  correspondence  be- 
tween the  fracture  of  a  magnet  and  that  of  an 
electric  conductor ;  for  if  an  oblong  conductor  be 
electrified  by  induction,  its  two  extremities  will 
have  opposite  electricities ;  and  if  in  that  state  it 
he  divided  across  the  middle,  the  two  portions, 
when  removed  to  a  distance  from  one  another, 
will  each  retain  the  electricity  that  has  been  in- 
duced upon  it.  The  analogy,  however,  does  not 
extend  to  transference.  A  body  may  transfer  a 
ledundant  quantity  of  positive  or  negative  elec- 
tricity to  another,  the  one  gaining  at  the  expense 
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of  the  other;  but  there  is  no  instance  of  a  body 
possessing  only  one  kind  of  polarity.  With  this 
exception,  there  is  such  perfect  correspondence 
between  the  theories  of  magnetic  attractions  and 
repulsions  and  electric  forces  in  conducting  bodies, 
that  they  not  only  are  the  same  in  principle,  but 
are  determined  by  the  same  formulce.  Experi- 
ment concurs  with  theory  in  proving  the  identity 
of  these  two  unseen  influences. 


SECTION  XXXI. 

The  disturbing  effects  of  the  aurora  borealis  and 
of  lightning  on  the  mariner's  compass  had  been 
long  known,  but  in  the  year  1819,  M.  Oersted, 
Professor  of  Natural  Philosophy  at  Copenhagen, 
discovered  that  a  current  of  voltaic  electricity 
exerts  a  powerful  influence  on  a  magnetised 
needle,  an  observation  which  has  given  rise  to  the 
theory  of  electro-magnetism^  the  most  interesting 
science  of  modem  times,  whether  it  be  -considered 
as  leading  us  a  step  farther  in  generalization,  by 
identifying  two  agencies  hitherto  referred  to  differ- 
ent causes,  or  as  developing  a  new  force  tmparal- 
leled  in  the  system  of  the  world,  which,  overcoming 
the  retardation  from  friction, .  and  the  obstacle  of 
a  resisting  medium,  maintains  a  perpetual  motion, 
ofiben  vainly  attempted,  biit  which  it  ts&cxEA  «2iSl^- 

^1 
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gether  impossible  to  accomplish  by  means  of  any 
other  force  or  combination  of  forces  than  the  one 
in  question. 

When  the  two  poles  of  a  voltaic  battery  are 
connected  by  a  metallic  wire,  so  as  to  complete 
the  circuit,  the  electricity  flows  without  ceasing ; 
and  if  a  straight  portion  of  that  wire  be  placed 
parallel  to,  and  horizontally  above,  a  magnetised 
needle  at  rest  in  the  magnetic  meridian,  but  freely 
poised  like  the  mariner's  compass,  the  action  of 
the  electric  current  flowing  through  the  wire  will 
instantly  cause  the  needle  to  change  its  position : 
its  extremity  will  deviate  from  the  north  towards 
the  east  or  west,  according  to  the  direction  in 
which  the  current  is  flowing ;  and  on  reversing 
the  direction  of  the  current,  the  motion  of  the 
needle  will  be  reversed  also.  The  numerous  ex- 
periments that  have  been  made  on  the  magnetic 
and  electric  fluids,  as  well  as  those  on  the  various 
relative  motions  of  a  magnetic  needle  under  the 
influence  of  galvanic  electricity,  arising  from  all 
possible  positions  of  the  conducting  wire,  and 
every  direction  of  the  voltaic  current,  together 
with  all  the  other  phenomena  of  electro-mag- 
netism, are  explained  by  Dr.  Roget  in  some  ex- 
cellent articles  on  these  subjects  in  the  Library  of 
fJsefrd  Knowledge, 

All  the  expeTim.e.nt«  tend^to  prove  that  the  force 
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emanating  from  the  electric  current,  which  pro* 
duces  such  effects  on  the  magnetic  needle,  acts  at 
right  angles  to  the  current,  and  is  therefore  unlike 
any  force  hitherto  known*  The  action  of  all  the 
forces  in  nature  is  directed  in  straight  lines,  as  hx 
as  we  know,  for  the  curves  described  by  the  heavenly 
bodies  result  from  the  composition  of  two  forces, 
whereas,  that  which  is  exerted  by  an  electrical 
•current  upon  either  pole  of  a  magnet  has  no  ten- 
dency to  cause  the  pole  to  approach  or  recede, 
but  to  rotate  about  it.  If  the  stream  of  electricity 
be  supposed  to  pass  through  the  centre  of  a  circle 
whose  plane  is  perpendicular  to  the  current,  the 
direction  of  the  force  exerted  by  the  electricity 
will  always  be  in  the  tangent  to  the  circle,  or  at 
right  angles  to  its  radius ;  consequently  the  tan*- 
gential  force  of  the  electricity  has  a  tendency  to 
make  the  pole  of  a  magnet  move  in  a  circle  round 
the  wire  of  the  battery.  Mr.  Barlow  has  proved 
that  the  action  of  each  particle  of  the  electric  fluid 
in  the  wire,  on  each  particle  of  the  magnetic  fluid 
in  the  needle,  varies  inversely  as  the  square  of  the 
distance. 

Rotatory  motion  was  suggested  by  Dr.  Wol- 
laston ;  Mr.  Faraday  was  the  first  who  actually 
succeeded  in  making  the  pole  of  a  magnet  rotate 
about  a  vertical  conducting  wire.  In  order  to 
limit  the  action  of  the  electricity  to  onepole^ab^Mt. 
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two-thirds  of  a  small  magnet  was  immersed  in  mer* 
cmy,  the  lower  end  being  fastened  by  a-thread  to  the 
bottom  of  the  vessel  containing  the  mercmy.  When 
the  magnet  was  thus  floating  almost  vertically 
with  its  north  pole  above  the  sur^iee,  a  current 
of  positive  electricity  was  made  to  descend  per« 
pendicularly  through  a  wire  touching  the  mercury, 
and  immediately  the  magnet  began  to  rotate  from 
left  to  right  about  the  wire.  As  the  force  is  uni- 
form, the  rotation  was  accelerated  till  the  tangen^ 
tial  force  was  balanced  by  the  resistance  of  the 
mercury,  when  it  became  constant.  Under  the 
same  circumstances,  the  south  pole  of  the  magnet 
rotates  irom  right  to  left.  It  is  evident  from  this 
experiment  that  the  wire  may  also  be  made  to 
perform  a  rotation  round  the  magnet,  since  the 
action  of  the  current  of  electricity  on  the  pole  of 
the  magnet  must  necessarily  be  accompanied  by  a 
corresponding  reaction  of  the  pole  of  the  magnet 
on  the  electricity  in  the  wire.  This  experiment 
has  been  accomplished  by  a  vast  number  of  con- 
trivances, and  even  a  small  battery,  consisting  of 
two  plates,  has  performed  the  rotation.  Mr.  Fa- 
raday produced  both  motions  at  the  same  time  in 
a  vessel  containing  mercury;  the  wire  and  the 
magnet  revolved  in  one  direction  about  a  common 
centre  of  motion,  each  following  the  other. 
The  next  ste\)  ^a%  to  make   a   magnet  and 
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also  a  cylinder  revolve  about  their  own  axes,  which 
they  do  with  great  rapidity.  Mercury  has  been 
made  to  rotate  by  means  of  voltaic  electricity, 
and  Professor  Ritchie  has  exhibited  in  the  Royal 
Institution  the  singular  spectacle  of  the  rotation 
of  water  by  the  same  means,  while  the  vessel  con* 
taining  it  remained  stationary.  The  water  was 
in  a  hollow  double  cylinder  of  glass,  and  on  being 
made  the  conductor  of  electricity,  was  observed  to 
revolve  in  a  regular  vortex,  changing  its  direction 
as  the  poles  of  the  battery  were  alternately  re- 
versed. Professor  Ritchie  found  that  all  the  dif- 
ferent  conductors  hitherto  tried  by  him,  such  as 
water,  charcoal,  &c.  give  the  same  electrg-magnetic 
results,  when  transmitting  the  same  quantity  of 
electricity,  and  that  they  deflect  the  magnetic 
needle  in  an  equal  degree  when  their,  respective 
axes  of  conduction  are  at  the  same  distance  from 
it.  But  one  of  the  most  extraordinary  effects  of 
the  new  force  is  exhibited  by  coiling  a  copper 
wire,  so  as  to  form  a  helix  or  corkscrew,  and  con- 
necting the  extremities  of  the  wires  with  the  poles 
of  a  galvanic  battery.  If  a  magnetised  steel  bar 
or  needle  be  placed  within  the  screw,  so  as  to  rest 
upon  the  lower  and  interior  part,  the  instant  a 
current  of  electricity  is  sent  through  the  wire  of 
the  helix,  the  steel  bar  starts  up  by  the  influence 
of  this  invisible  power,  and  remains  suspended  in 
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the  air  in  opposition  to  tlie  force  of  gravitation. 
The  effect  of  the  electro-magnetic  power  exerted 
by  each  turn  of  the  wire  is  to  urge  the  north  pole 
of  the  magnet  in  one  direction,  and  the  south  |3ole 
in  the  other ;  the  force  thus  exerted  is  multiplied 
in  degree  and  increased  in  extent  by  each  repeti*- 
lion  of  the  turns  of  the  wire,  and  in  consequence 
of  these  opposing  forces  the  bar  remains  sus- 
pended. This  helix  has  all  the  properties  of  a 
magpiet  while  the  electrical  current  is  flowing 
through  it,  and  may  be  substituted  for  one  in 
almost  every  experiment.  It  acts  as  if  it  had  a 
north  pole  at  one  extremity  and  a  south  pole  at 
the  other,  and  is  attracted  and  repelled  by  the 
poles  of  a  magnet  exactly  as  if  it  were  one  itself. 
All  these  effects  depend  upon  the  course  of  the 
electricity,  that  is,  on  the  direction  of  the  turns  of 
the  screw,  according  as  they  are  from  right  to 
left,  or  from  left  to  right,  being  in  the  one  case 
exactly  the  contrary  of  what  it  is  in  the  other. 

The  effects  of  electricity  in  motion  on  magnets 
are  not  only  precisely  the  same  as  the  reciprocal 
action  of  magnetised  bodies,  but  its  influence  in 
inducing  magnetism  in  unmagnetised  iron  and  steel 
is  also  the  same  with  magnetic  induction.  The 
term  induction,  when  applied  to  electric  currents, 
expresses  the  power  which  these  currents  possess 
of  inducing  any  particular  state  upon  matter  in 
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their  immediate  neighbourhood,  otherwise  neutral 
or  indifferent.    For  example,  the  connecting  wire 
of  a  galvanic  battery  holds  iron  filings  suspended 
like  an  artificial  magnet,  as  long  as  the  current 
continues  to  flow  through  it ;  and  the  most  power^^ 
ful  temporary  magnets  that  have  ever  been  made 
are  obtained  by  bending  a  thick  cylinder  of  soft 
iron  into  the  foim  of  a  horseshoe,  and  surrounds 
ing  it  with  a  coil  of  thick  copper  wire  covered 
with  silk,  to  prevent  communication  between  ita 
partS4    When  this  wire  forms  part  of  a  galvanic 
circuit,  the  iron  becomes  so  highly  magnetic,  that 
a  temporary  magnet  of  this  kind  made  by  Pro«* 
feasor  Henry  of  the  Albany  Academy,  in  the 
United  States,  sustained  nearly  a  ton  weight*  The 
iron  loses  its  magnetic   power  the  instant  the 
electricity  ceases   to  circulate,  and    acquires  it 
again  as  instantaneously  when  the  circuit  is  re- 
newed.    Steel  needles  are  rendered  permanently 
magnetic  by  electrical  induction;  the  effect  is  pro- 
duced in  a  moment,  and  as  readily  by  juxtaposi-* 
tion  as  by  contact ;  the  nature  of  the  poles  depends 
upon  the  direction  of  the  current,  and  the  inten- 
sity is  proportional  to  the  quantity  of  electricity. 

It  appears  from  what  precedes,  that  the  prin- 
ciple and  characteristic  phenomena  of  the  electro- 
magnetic science  are,  the  evolution  of  a  tangential 
ajid  rotatory  force  exerted  between  a  conducting 
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body  and  a  magnet ;  and  the  transvense  induction 
of  magnetism  by  the  condncting  body  in  such 
substances  as  are  susceptible  of  it. 

The  action  of  an  electric  current  causes  a  devia- 
tion of  the  compass  from  the  plane  of  the  mag- 
netic meridian.  In  proportion  as  the  needle  re- 
cedes from  the  meridian,  the  intensity  of  the  force 
of  terrestial  magnetism  increases,  while  at  the 
tame  time  the  electro-magnetic  force  diminishes ; 
the  number  of  degrees  at  which  the  needle  stops, 
and  which  mark  where  the  equilibriimi  between 
these  two  forces  takes  place,  will  indicate  the  in- 
tensity of  the  galvanic  current.  The  galvanome- 
ter, constructed  upon  this  principle,  is  employed 
to  measure  the  intensity  of  galvanic  currents  col- 
lected and  conveyed  to  it  by  wires.  This  instru- 
ment is  rendered  much  more  sensible  by  neutral- 
izing the  effects  of  the  earth's  magnetism  on 
the  needle,  which  is  accomplished  by  placing  a 
second  magnetised  needle  so  as  to  counteract  the 
action  of  the  earth  on  the  first,  a  precaution  requi- 
site in  all  delicate  magnetical  experiments. 

SECTION    XXXII. 

The  science  of  electro-magnetism  which  has  been 
under  consideration,  and  must  render  the  name 
of  M.  Oersted  ever  memorable,  relates  to  the  reci- 
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procal  action  of  electrical  and  magnetic  currents : 
M.  Ampere,  by  discovering  the  mutual  action  of 
electrical  currents  on  one  another,  has  added  n 
new  branch  to  the  subject,  to  which  he  has  given 
the  name  of  electro-dynamics. 

When  electric  currents  are  passing  throij^h  two 
conducting  wires  so  suspended  or  supported  as  to 
be  capable  of  moving  both  towards  and  from  one 
another,  they  show  mutual  attraction  or  repulsion, 
according  as  the  currents  are  flowing  in  the  same 
or  in  contrary  directions ;  the  phenomena  varying 
with  the  relative  inclinations  and  positions  of  the 
streams  of  electricity.  It  appears  that  the  mutual 
action  of  such  currents,  whether  they  flow  in  the 
same  or  in  contrary  directions,  whether  they  be 
parallel,  perpendicular,  divei^ng,  converging,  cii> 
cular,  or  heliacal,  all  produce  diflerent  kinds  of  mo? 
tion,  in  a  conducting  wire,  both  rectilineal  and  cir- 
cular, and  also  the  rotation  of  a  wire  helix,  such  as 
that  described  and  now  called  an  electro-dynamic 
cylinder  on  account  of  some  improvements  in  its 
construction;  and  as  the  hypothesis  of  a  force 
varying  inversely  as  the  square  of  the  distance 
accords  perfectly  with  all  the  observed  phenomena, 
these  motions  come  under  the  same  laws  of  dyna- 
mics and  analysis  as  any  other  branch  of  physics. 

The  theory  of  electro-dynamics,  as  well  as 
actual  experiment,  confirms  the  .identity  betw^i^XL 
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the  agencieB  of  electro-dynamic  cylinders,  or 
belicet,  and  magnets.  The  law  of  the  reciprocal 
action  of  a  cylinder  and  an  electric  current  is 
precisely  the  same,  and  all  the  experiments  that 
can  be  performed  with  the  cylinder  might  he 
accomplished  with  a  magnet.  It  has  already  been 
observed  that  the  two  extremities  of  an  electro- 
dynamic  cylinder  or  helix  exhibit  all  the  proper- 
ties possessed  by  the  poles  of  a  magnet ;  that  end 
in  which  the  current  of  positive  electricity  is 
moving  in  a  direction  similar  to  the  motion  of  the 
hands  of  a  watch,  acting  as  a  south  pole,  and  the 
other  end,  in  which  the  current  is  flowing  in  a 
contrary  direction,  exhibiting  northern  polarity. 
In  conformity  with  this  resemblance,  electro- 
d3rnamic  cylinders  act  on  each  other  precisely  as 
if  they  were  magnets,  during  the  time  the  electri- 
city is  flowmg  through  them. 

The  phenomena  mark  a  very  decided  difference 
between  the  action  of  electricity  in  motion  or  at 
rest,  that  is,  between  voltaic  and  common  electri- 
city ;  the  laws  they  follow  are  in  many  res})ect8 
of  an  entirely  different  nature.  Since  voltaic 
electricity  flows  perpetually,  it  cannot  be  accumu- 
lated, and  consequently  has  no  tension  or  tendency 
to  escape  from  the  wires  which  conduct  it.  Nor 
do  these  wires  either  attract  or  repel  light  bodies 
in  their  vicinity,  whereas  ordinary  electricity  can 
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be  accumulated  in  insulated  bodies  to  a  great  de  • 
gree,  and  in  that  state  of  rest  the  tendency  to 
escape  is  proportional  to  the  quantity  accumu*^ 
lated  and  the  resistance  it  meets  with.  In  ordi- 
nary electricity,  the  law  of  action  is,  that  dissimilar 
electricities  attract,  and  similar  electricities  repel 
one  another.  In  voltaic  electricity,  on  the  con-> 
trary,  similar  currents,  or  such  as  are  moving  in 
the  same  direction,  attract  one  another,  while  a 
mutual  repulsion  is  exerted  between  dissimilar 
currents,  or  such  as  flow  in  opposite  directions. 
The  common  electricity  escapes  when  the  pressure 
is  removed,  but  the  electro-dynamical  effects  are 
the  same  whether  the  conductors  be  in  air  or  in 
vacuo. 

Although  the  efiects  produced  by  a  current  of 
electricity  depend  upon  the  celerity  of  its  motion, 
the  velocity  with  which  it  moves  through  a  con- 
ducting wire  is  unknown.  We  are  equally  igno- 
rant whether  it  be  uniform  or  varied,  but  the 
method  of  transmission  has  a  marked  influence  on 
the  results ;  for  when  it  flows  without  intermis-^ 
sion,  it  occasions  a  deviation  in  the  magnetic 
needle,  but  it  has  no  efiect  whatever  when  its 
motion  is  discontinuous  or  interrupted,  like  the 
current  produced  by  the  common  electrical  ma- 
chine when  a  communication  is  made  between  the 
positive  and  negative  conductors* 
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M.  Ampere  has  establisbed  a  theory  of  electro- 
magnetism  suggested  by  the  analogy  between 
electro-dynamic  cylinders  and  magnets,  founded 
upon  the  reciprocal  attraction  of  electric  currents, 
to  which  all  the  phenomena  of  magnetism  and 
tlectro-magnetism  may  be  reduced,  by  assuming 
that  the  magnetic  properties  which  bodies  possess 
derive  these  properties  from  ciurrents  of  electricity 
circulating  about  every  part  in  one  imifonn 
direction.  It  has  been  observed  that,  although 
every  particle  of  a  magnet  possess  like  properties 
with  the  whole,  yet  the  general  effect  is  the  same 
as  if  the  magnetic  properties  were  confined  to  the 
surface :  consequently  the  internal  electro-cur- 
rents must  compensate  one  another,  and  therefore 
the  magnetism  of  a  body  is  supposed  to  arise 
from  a  superficial  current  of  electricity  constantly 
circulating  in  a  direction  perpendicular  to  the 
axis  of  the  magnet ;  so  that  the  reciprocal  action 
of  magnets,  and  all  the  phenomena  of  electro- 
mi^etism,  are  reduced  to  the  action  and  reaction 
of  superficial  currents  of  electricity  acting  at  right 
angles  to  the  direction  of  the  currents.  Notwith- 
standing some  experiments  made  by  M.  Ampere 
to  elucidate  the  subject,  there  is  still  an  imcer* 
tainty  in  the  theory  of  the  induction  of  magnetism 
by  an  electric  current  in  a  body  near  it ;  for  it 
does  not  appear  whether  electric  currents  which 
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did  not  previously  exist  are  actually  produced  by 
induction,  or  if  its  effect  be  only  to  give  one  uni- 
form direction  to  the  infinite  ninnber  of  electric 
currents  previously  existing  in  the  particles  of  the 
body,  and  thus  rendering  them  capable  of  exhi- 
biting magnetic  phenomena,  in  the  same  manner 
as  polarization  reduces  those  undulations  of  light 
to  one  plane  which  had  previously  been  performed 
in  every  plane.     Possibly  both  may  be  combined 
in  producing  the  effect;    for  the   action   of  an 
electric  current  may  not  only  give  a  common 
direction  to  those  already  existing,  but  may  also 
increase  their  intensity.     However  that  may  be, 
by  assuming  that  the  attraction  and  repulsion  of 
the  elementary  portions  of  electric  currents  vary 
inversely  as  the  square  of  the  distance,  the  action 
being  at  right  angles  to  the  direction  of  tlje  cur- 
rent, it  is  found  that  the  attraction  and  repulsion 
of  a  current  of  indefinite  length  on  the  elementary 
portion  of  a  parallel  current  at  any  distance  from 
it,  is  in  the  simple  ratio  of  the  shortest  distance 
between  them ;  consequently  the  reciprocal  action 
of  electric  currents  is  reduced  to  the  composition 
and  resolution  of  forces,  so  that  the  phenomena 
of  electro-magnetism  are  brought  under  the  laws 
of  dynamics  by  the  theory  of  Ampere. 
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SECTION  XXXIII. 

From  the  law  of  action  and  reaction  being  equal 
and  contrary,  it  might  be  expected  that,  as  elec-i 
tricity  powerfully  affects  magnets,  so,  conversely, 
magnetism  ought  to  produce  electrical  phenomena* 
By  proving  this  very  important  fact  from  a  series 
of  highly  interesting  and  ingenious  experiments, 
Mr.  Faraday  has  added  another  branch  to  the 
science,  which  he  has  named  magneto-electri-> 
city.     A  great  quantity  of  copper  wire  was  coiled 
in  the  form  of  a  helix  round  one  half  of  a  ring 
of  soft  iron,  and  connected  with  a  galvanic  bat-> 
tery,  while  a  similar  helix  connected  with  a  gait 
vanometer  was  wound  round  the  other  half  of  the 
ring,  but  not  touching  the  first  helix.     As  soon 
as  contact  was  made  with  the  battery,  the  needle 
of  the  galvanometer  was  deflected,  but  the  action 
was  transitory,  for  when  the  contact  was  conti- 
nued the  needle  returned  to  its  usual  position,  and 
was  not  affected  by  the  continual  flow  of  the  elec- 
tricity through  the  wire  connected  with  the  battery* 
As  soon,  however,  as  the  contact  was  broken,  the 
needle  of  the  galvanometer  was  again  deflected,  but 
in  the  contrary  direction.   Similar  effects  were  pnh 
duced  by  an  apparatus  consisting  of  two  helices  of 
copper  wire  coiled  round  a  block  of  wood,  instead 
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of  iron,  from  which  Mr.  Faraday  infers  that  the 
electric  current  passing  from  the  battery  through 
one  wire  induces  a  similar  current  through  the 
other  wire,  but  only  at  the  instant  of  contact,  and 
that  a  momentary  current  is  induced  in  a  contrary 
direction  when  the  passage  of  the  electricity  is 
suddenly  interrupted.  These  brief  currents  or 
waves  of  electricity  were  found  to  be  capable  of 
magnetizing  needles,  of  passing  through  a  small 
extent  of  fluid,  and  when  charcoal  points  were 
interposed  in  the  current  of  the  induced  helix,  a 
minute  spark  was  perceived  as  often  as  the  con- 
tacts were  made  or  broken,  but  neither  chemical 
action  nor  any  other  electric  effects  were  obtained. 
A  deviation  of  the  needle  of  the  galvanometer 
took  place  when  common  magnets  were  employed 
instead  of  the  voltaic  current ;  so  that  the  mag«* 
netic  and  electric  fluids  are  identical  in  their 
effects  in  this  interesting  experiment.  Again,, 
when  a  helix  formed  of  220  feet  of  copper  wire,, 
into  which  a  cylinder  of  soft  iron  was  introduced^ 
was  placed  between  the  north  and  south  poles  of 
two  bar  magnets,  and  connected  with  the  galvano- 
meter by  means  of  wires  from  each  extremity,  as 
often  as  the  magnets  were  brought  into  contact 
with  the  iron  cylinder,  it  became  magnetic  by 
induction,  and  produced  a  deflection  in  the  needle 
of  the  galvanometer.    On  continuing  ihe  contaicX^ 
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the  needle  resumed  its  natural  position,  and  when 
the  contact  was  broken,  the  deflection  took  place 
in  the  opposite  direction;  when  the  magnetic 
contacts  were  reversed,  the  deflection  was  reversed 
Also.  With  strong  magnets,  so  powerful  was  the 
Action,  that  the  needle  of  the  galvanometer  whirled 
round  several  times  successively;  and  similar 
efiects  were  produced  by  the  mere  approximation 
or  removal  of  the  helix  to  the  poles  of  the  mag-> 
nets.  Thus  magnets  produce  the  very  same  effects 
ou  the  galvanometer  that  electricity  does.  Though 
at  that  time  no  chemical  decomposition  was  efiected 
by  these  momentary  currents  which  emanated  from 
the  magnets,  they  agitated  the  limbs  of  a  frog,  and 
Mr.  Faraday  justly  observes,  that '  an  agent  which 
is  conducted  along  metallic  wires  in  the  manner 
described,  which,  whilst  so  passing,  x)os8esses  the 
peculiar  magnetic  actions  and  force  of  a  current 
of  electricity,  which  can  agitate  and  convulse  the 
limbs  of  a  frog,  and  which  finally. can  produce  a 
spark  by  its  discharge  through  charcoal,  can  only 
be  electricity.'  Hence  it  appears  that  electrical 
cmrrents  are  evolved  by  magnets,  which  produce 
the  same  phenomena  with  the  electrical  currents 
from  the  voltaic  batteiy;  they,  however,  diflfear 
materially  in  this  respect^ — that  time  is  required 
for  the  exercise  of  the  magneto-electric  inductiin, 
whereas  volta-electrie  induction  is  instantaneous. 
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After  Mr.  Faraday  had  proved  the  identity  of 
the  magnetic  and  electric  fluids  by  producing  the 
spark,  heating  metallic  wires,  and  accomplishing 
chemical  decomposition,  it  was  easy  to  increase 
these  effects  by  more  powerful  magnets  and  other 
arrangements.  The  following  apparatus  is  now 
in  use,  which  is  in  effect  a  battery,  where  the  agent 
if  the  magnetic,  instead  of  the  voltaic  fluid,  or,  in 
other  words,  electricity. 

A  very  powerful  horse-shoe  magnet,  formed  of 
twelve  steel  plates  in  close  approximation,  is 
placed  in  a  horizontal  position.  An  armature 
consisting  of  a  bar  of  the  purest  soft  iron  has 
each  of  its  ends  bent  at  right  angles,  so  that  the 
faces  of  those  ends  may  be  brought  directly  oppo-* 
site  and  close  to  the  poles  of  the  magnet  when 
required.  Two  series  of  copper  wires — covered 
with  silk,  in  order  to  insulate  them — are  wound 
round  the  bar  of  soft  iron  as  compound  helices. 
The  extremities  of  these  wires,  having  the  same 
direction,  are  in  metallic  connexion  with  a  circular 
disc,  which  dips  into  a  cup  of  mercury,  while  the 
ends  of  the  wires  in  the  opposite  direction  are 
soldered  to  a  projecting  screw-piece,  which  carries 
a  slip  of  copper  with  two  opposite  points.  The 
steel  magnet  is  stationary;  but  when  the  arma* 
ture,  together  with  its  appendages^  is  ntade  to 
rotate  horiaontally,  the  edge  of  the  disc  al««^« 
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remains  immersed  in  the  mercury,  while  the  points 
of  the  copper  slip  alternately  dip  in  it  and  rise 
above  it     By  the  ordinary  laws  of  induction,  the 
armature  becomes  a  temporary  mf^net  while  its 
bent  ends  are  opposite  the  poles  of  the  steel  mag- 
net, and  ceases  to  be  magnetic  when  they  are  at 
right  angles  to  them.     It  imparts  its  temporary 
magnetism  to  the  helices  which  concentrate  it; 
and  while  one  set  conveys,  a  current  to  the  disc, 
the  other  set  conducts  the  opposite  current  to  the 
copper  slip.    But  as  the  edge  of  the  revolving  disc 
is  always  immersed  in  the  mercury,  one  set  of 
wires  is  constantly  maintained  in  contact  with  it, 
and  the  circuit  is  only  completed  when  a  point  of 
the  copper  slip  dips  in  the  mercury  also ;  but  the 
circuit  is  broken  the  moment  that  point  rises 
above  it.     Thus,  by  the  rotation  of  the  armature, 
the  circuit  is  alternately  broken  and  renewed;  and 
as  it  is  only  at  these  moments  that  electric  action 
is  manifested,  a  brilliant  spark  takes  place  every 
time  the  copper  point  touches  the  surface  of  the 
mercury.     Platina  wire  is  ignited,  shocks  smart 
enough  to  be  disagreeable  are  given,  and  water  is 
decomposed  with  astonishing  rapidity,  by  the  same 
means,  which  proves  beyond  a  doubt  the  identity 
of  the  magnetic  and  electric  agencies,  and  places 
Mr.  Faraday,  whose  experiments  established  the 
principle,  in  the  £rst  rank  of  experimental  phi- 
iosophers. 
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SECTION  XXXIV. 

M.  Arago  discovered  an  entirely  new  source  of 
magnetism  in  rotatory  motion.  If  a  circular  plate 
of  copper  be  made  to  revolve  immediately  above 
or  below  a  magnetic  needle  or  magnet,  suspended 
in  such  a  manner  that  the  needle  may  rotate  i^ 
a  plane  parallel  to  that  of  the  copper  plate,  the 
magnet  tends  to  follow  the  circumvolution  of  the 
plate ;  or  if  the  magnet  revolves,  the  plate  tends 
to  follow  its  motion ;  and  so  powerful  is  the  effect, 
that  magnets  and  plates  of  many  pounds  weight 
have  been  carried  round.  This  is  quite  independ- 
ent of  the  motion  of  the  air,  since  it  is  the  same 
when  a  pane  of  glass  is  interposed  between  the 
magnet  and  the  copper.  When  the  magnet  and 
the  plate  are  at  rest,  not  the  smallest  effect,  at- 
tractive, repulsive,  or  of  any  kind,  can  be  per- 
ceived between  them.  In  describing  this  pheno- 
menon, M.  Arago  states  that  it  takes  place  not 
only  with  metals,  but  with  all  substances,  solidsy 
liquids,  and  even  gases,  although  the  intensity  de- 
pends upon  the  kind  of  substance  in  motion.  Ex- 
periments recently  made  by  Mr.  Faraday  explain 
this  singular  action.  A  plate  of  copper,  twelve 
inches  in  diameter  and  one-fifth  of  an  inch  thick, 
was  placed  between  the  poles  of  a^^wecfid  Wnfe'-. 
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shoe  magnet,  and  connected  at  certain  points  with 
a  galvanometer  by  copper  wires.  When  the  plate 
was  at  rest  no  effect  was  produced,  but  as  soon 
as  the  ]>late  was  made  to  devolve  rapidly,  the 
galvanometer  needle  was  deflected  sometimes  as 
much  as  90^,  and  by  a  uniform  rotation,  the 
deflection  was  constantly  maintained  at  45°. 
When  the  motion  of  the  copper  plate  was  re- 
versed, the  needle  was  deflected  in  the  contrary 
direction,  and  thus  a  permanent  ciunrent  of  elec- 
tricity was  evolved  by  an  ordinary  magnet.  The 
intensity  of  the  electricity  collected  by  the  wires, 
and  conveyed  by  them  to  the  galvanometer,  varied 
with  the  position  of  the  plate  relatively  to  the 
poles  of  the  magnet. 

The  motion  of  the  electricity  in  the  copper 
plate  may  be  conceived,  by  considering,  that  merely 
from  moving  a  single  wire  like  the  spoke  of  a 
wheel  before  a  magnetic  pole,  a  current  of  electri- 
city tends  to  flow  through  it  from  one  end  to  the 
other ;  hence,  if  a  wheel  be  constructed  of  a  great 
many  such  spokes,  and  revolved  near  the  pole  of  a 
magnet  in  the  manner  of  the  copper  disc,  each 
radius  or  spoke  will  tend  to  have  a  current  pro- 
duced in  it  as  it  passes  the  pole.  Now,  as  the  cir- 
cular plate  is  nothing  more  than  an  infinite  num- 
ber of  radii  or  spokes  in  contact,  the  currents  will 
Am  in  the  direction  of  the  radii  if  a  channel  be 
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open  for  their  return,  and  in  a  continuous  plate 
that  channel  is  a£brded  by  the  lateral  portions  on 
each  side  of  the  particular  radius  close  to  the 
magnetic  pole.  This  h3rpothe8i8  is  confirmed 
by  observation,  for  the  currents  of  positive  elec* 
tricity  set  from  the  centre  to  the  circumference, 
and  the  negative  from  the  circumference  to  the 
centre,  and  vice  versft,  according  to  the  position  of 
the  magnetic  poles  and  the  direction  of  rotation. 
So  that  a  collecting  wire  at  the  centre  of  the  cop* 
per  plate  conveys  positive  electricity  to  the  galva- 
nometer in  one  case,  and  negative  in  another  ; 
that  collected  by  a  conducting  wire  in  contact  with 
the  circumference  of  the  plate  is  always  the  oppo- 
site of  the  electricity  conveyed  from  the  centre. 
It  is  evident  that  when  the  plate  and  magnet  are 
both  at  rest,  no  effect  takes  place,  since  the  electric 
currents  which  cause  the  deflection  of  the  galva- 
nometer cease  altogether.  The  same  phenomena 
may  be  produced  by  electro-magnets.  The  effects 
are  the  same  when  the  magnet  rotates  and  the 
plate  remains  at  rest.  When  the  magnet  revolves 
uniformly  about  its  own  axis,  electricity  of  the 
same  kind  is  collected  at  its  poles,  and  the  oppo- 
site electricity  at  its  equator. 

The  phenomena  which  take  place  in  M.  Arago's 
experiments  may  be  explained  on  this  principle, 
for  when  both  the  copper  plate  and  the  rmugjAK. 
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ne  revohing,  the  action  of  the  electric  current, 
induced  in  the  plate  hy  the  magnet  in  consequence 
of  their  relative  motion,  tends  continually  to  dimi- 
nish that  relative  motion ;  that  is,  to  bring  the 
moving  bodies  into  a  state  of  relative  rest,  so 
that  if  one  be  made  to  revolve  by  an  extraneous 
force,  the  other  will  tend  to  revolve  about  it  in 
the  same  direction,  and  with  the  same  velocity. 

When  a  plate  of  iron,  or  of  any  substance  ca- 
pable of  being  made  either  a  temporary  or  perma- 
nent magnet,  revolves  between  the  poles  of  a 
magnet,  it  is  found  that  dissimilar  poles  on  oppo- 
•ttte  sides  of  the  plate  neutralize  each  other's  effects, 
so  that  no  electricity  is  evolved,  while  similar  poles 
<m  each  side  of  the  revolving  plate  increase  the 
quantity  of  electricity,  and  a  single  pole  end-on  is 
sufficient.  But  when  copper,  and  substances  not 
sensible  to  ordinary  magnetic  impressions,  revolve, 
similar  poles  on  opposite  sides  of  the  plate  neutra- 
lize each  other,  dissimilar  poles  on  each  side  exalt 
the  action ;  and  a  single  pole  at  the  edge  of  the 
revolving  plate,  or  end-on,  does  nothing.  This 
forms  a  test  for  distinguishing  the  oidinary  mag- 
netic force  from  that  produced  by  rotation.  If 
unlike  poles,  that  is  a  north  and  a  south  pole, 
produce  more  effect  than  one  pole,  the  force  will 
be  due  to  electric  currents ;  if  similar  poles  pro- 
duce more  effect  than  one,  then  the  power  is  not 
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electric.  These  investigations  show  that  there 
are  really  very  few  bodies  magnetic  in  the  man- 
ner  of  iron.  Mr.  Faraday  therefore  arranges  sub^ 
stances  in  three  classes,  with  regard  to  their  rela-* 
tion  to  magnets.  Those  affected  by  the  magnet 
when  at  rest  like  iron,  steel,  and  nickel,  which 
possess  ordinary  magnetic  properties;  those  af- 
fected when  in  motion,  in  which  electric  currenta 
are  evolved  by  the  inductive  force  of  the  magnet, 
such  as  copper ;  and  lastly,  those  which  are  per- 
fectly indifferent  to  the  magnet,  whether  at  rest 
or  in  motion. 

It  has  already  been  observed,  that  three  bodies 
are  requisite  to  form  a  galvanic  circuit,  one  of 
which  must  be  fluid;  but  in  1822,  Professor 
Seebeck,  of  Berlin,  discovered  that  electric  cur- 
rents may  be  produced  by  the  partial  application 
of  heat  to  a  circuit  formed  of  two  solid  conductors. 
For  example,  when  a  semicircle  of  bismuth,  joined 
to  a  semicircle  of  antimony,  so  as  to  form  a  ring, 
is  heated  at  one  of  the  junctions  by  a  lamp,  a  cur- 
rent of  electricity  flows  through  the  circuit  from  the 
antimony  to  the  bismuth,  and  such  thermo-electric 
currents  produce  all  the  electro-magnetic  effects, 
A  compass  needle  placed  either  within  or  without 
the  circuit,  and  at  a  small  distance  from  it,  is  de- 
flected from  its  natural  x>osition,  in  a  direction 
eorresponding  to  the  way  in  which  the  tl^tnaStoi 
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k  flowing.  If  such  a  ring  be  suspended  so  as  to 
more  easily  in  any  direction,  it  will  obey  the  action 
of  a  magnet  brought  near  it,  and  may  even  be 
made  to  revolve.  According  to  the  researches  of 
M.  Nobili,  the  same  substance,  unequally  heated, 
exhibits  electrical  currents.  The  experiments  of 
Ph>fe8sor  Gumming  show  that  the  mutual  action  of 
a  magnet  and  a  thermo-electric  current,  is  subject 
to  the  same  laws  as  those  of  magnets  and  galvanic 
currents,  consequently  all  the  phenomena  of  repul- 
sion, attraction,  and  rotation  may  be  exhibited 
by  a  thermo-electric  current.  It  is,  however,  so 
feeble,  that  neither  heat,  the  spark,  nor  chemical 
action  have  been  observed,  nor  can  repulsion, 
attraction  of  light  substances  at  sensible  distances, 
er  any  other  effects  of  tension,  be  perceived. 

SECTION   XXXV. 

In  all  the  experiments  hitherto  described,  artificial 
magnets  alone  were  used,  but  it  is  obvious  that  the 
magnetism  of  the  terrestrial  spheroid  which  has 
so  powerful  an  influence  on  the  mariner's  com- 
pass, must  also  affect  electrical  currents.  It  con- 
sequently appears  that  a  piece  of  copper  wire  bent 
into  a  rectangle,  and  free  to  revolve  on  a  vertical 
axis,  arranges  itself  with  its  plane  at  right  angles 
to  the  magnetic  meridian^  as  soon  as  a  stream  of 
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electricity  is  sent  through  it.  Under  the  same 
circumstanceB  a  similar  rectangle,  suspended  on  a 
horizontal  axis  at  right  angles  to  the  magnetic 
meridian,  assumes  the  same  inclination  with  the 
dipping  needle.  So  that  terrestrial  magnetism 
has  the  same  influence  on  electrical  currents  as 
an  artificial  magnet.  But  the  magnetic  action  of 
the  earth  also  induces  electric  currents.  When  a 
hollow  helix  of  copper  wire,  whose  extremities  are 
connected  with  the  galvanometer,  is  placed  in  the 
magnetic  dip,  and  suddenly  inverted  several  times, 
accommodating  the  motion  to  the  oscillations  of 
the  needle,  the  latter  is  soon  made  to  vibrate 
through  an  arc  of  80°  or  90°.  Hence  it  is  evi- 
dent, that  whatever  may  be  the  cause  of  terres- 
trial magnetism,  it  produces  currents  of  electoicity 
by  its  direct  inductive  power  upon  a  metal  not 
capable  of  exhibiting  any  of  the  ordinary  magnetic 
properties.  The  action  on  the  galvanometer  is 
much  greater  when  a  cylinder  of  soft  iron  is  in- 
serted into  the  helix,  and  the  same  results  follow 
the  simple  introduction  of  the  iron  cylinder  into, 
or  removal  out  of  the  helix.  These  effects  arise 
from  the  iron  being  made  a  temporary  magnet  by 
the  inductive  action  of  terrestrial  magnetism,  for 
A  piece  of  iron,  such  as  a  poker,  becomes  a  magnet 
for  the  time,  when  placed  in  the  line  of  the  mag- 
netic dip. 
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M.  Biot  has  formed  a  theory  of  terreatrial  mag- 
netism upon  the  observations  of  M.  de  Humboldt 
as  data.  Assuming  that  the  action  of  the  two 
opposite  magnetic  poles  of  the  earth  upon  any 
point  is  inversely  as  the  square  of  the  distance, 
he  obtains  a  general  expression  for  the  direction 
of  the  magnetic  needle,  depending  upon  the  dis< 
tance  between  the  north  and  south  magnetic  poles ; 
fo  that  if  one  of  these  quantities  varies,  the  cor- 
responding variation  of  the  other  will  be  known. 
By  making  the  distance  between  the  poles  vary, 
and  comparing  the  resulting  direction  of  the  needle 
with  the  observations  of  M.  de  Humboldt,  he 
found  that  the  nearer  the  poles  are  supposed  to 
approach  to  one  another,  the  more  did  the  com- 
puted and  observed  results  agree  ;  and  when  the 
poles  were  assumed  to  coincide,  or  nearly  so,  the 
difference  between  theory  and  observation  was  the 
least  possible.  It  is  evident,  therefore,  that  the 
earth  does  not  act  as  if  it  were  a  permanently 
magnetic  body,  the  distinguishing  characteristic  of 
which  is,  to  have  two  poles  at  a  distance  from  one 
another.  ^Ir.  Barlow  has  investigated  this  sub- 
ject with  much  skill  and  success.  He  first  proved 
that  the  magnetic  power  of  an  iron  sphere  resides 
in  its  surface ;  he  then  inquired  what  the  superfi- 
cial action  of  an  iron  sphere  in  a  state  of  transient 
magnetic  induction,  on  a  magnetised  needle,  woidd 
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be,  if  insulated  from  the  influence  of  terrestrial 
magnetism.  The  results  obtained,  corroborated 
by  the  profound  analysis  of  M.  Poisson,  on  the 
hypothesis  of  the  two  poles  being  indefinitely  near 
the  centre  of  the  sphere,  are  identical  with  those 
obtained  by  M.  Biot  for  the  earth  from  M.  de 
Humboldt's  observations.  Whence  it  foUowsi 
that  the  laws  of  terrestrial  magnetism  deduced 
from  the  formulae  of  M.  Biot,  are  inconsistent 
with  those  which  belong  to  a  permanent  magnet, 
but  that  they  are  perfectly  concordant  with  those 
belonging  to  a  body  in  a  state  of  transient  mag- 
netic induction.  It  appears,  therefore,  that  the 
earth  is  to  be  considered  as  only  transiently  mag- 
netic by  induction,  and  not  a  real  magnet.  Mn 
Barlow  has  rendered  this  extremely  probable  by 
forming  a  wooden  globe,  with  grooves  admitting 
of  a  copper  wire  being  coiled  round  it  parallel  to 
the  equator  from  pole  to  pole.  When  a  current 
of  electricity  was  sent  through  the  wire,  a  mag- 
netic needle  suspended  above  the  globe,  and  neu- 
tralized from  the  influence  of  the  earth's  magne- 
tism, exhibited  all  the  phenomena  of  the  dipping 
and  variation  needles,  according  to  its  positions 
with  regard  to  the  wooden  globe.  As  there  can 
be  no  doubt  that  the  same  phenomena  would  be 
exhibited  by  currents  of  thermo,  instead  of  voltaic, 
electricity,  if  the  grooves  of  the  wooden  ^<(^\^ 
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wore  filled  by  rings  constituted  of  two  metals,  it 
seems  highly  probable  that  the  heat  of  the  son 
mny  be  the  great  agent  in  developing  electric 
currents  in  or  near  the  surface  of  the  earth,  by  its 
action  upon  the  substances  of  Tvhich  the  globe  is 
composed,  and,  by  the  changes  in  its  intensity, 
may  occasion  the  diurnal  variation  of  the  compass, 
and  the  other  vicissitudes  in  terrestrial  magnetism 
evinced  by  the  disturbance  in  the  directions  of  the 
magnetic  lines,  in  the  same  manner  as  it  influences 
the  ])arallelism  of  the  isothermal  lines.  That  such 
currents  do  exist  in  metalliferous  veins  appears 
from  the  experiments  of  Mr.  Robert  Fox  in  the 
Cornish  copper-mines.  However,  it  is  probable 
that  the  secular  and  periodic  disturbances  in  the 
magnetic  force  are  occasioned  by  a  variety  of  com- 
bining circumstances.  Among  others,  M.  Biot 
mentions  the  vicinity  of  mountain  chains  to  the 
place  of  observation,  and  still  more  the  action  of 
extensive  volcanic  fires,  which  change  the  chemi- 
cal state  of  the  terrestrial  surface,  they  themselves 
varying  from  age  to  age,  some  becoming  extinct, 
while  others  burst  into  activity. 

It  is  moreover  probable  that  terrestrial  magne- 
tism may  be  owing,  to  a  certain  extent,  to  the 
earth's  rotation.  Mr.  Faraday  has  proved  that 
all  the  phenomena  of  revolving  plates  may  be 
produced  by  the  mdaetlve  action  of  the  earth's 
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magnetism  alone.  If  a  copper  plate  be  connected 
with  a  galvanometer  by  two  copper  wires,  one 
from  the  centre  and  another  from  the  circum- 
ference, in  order  to  collect  and  convey  the  electri- 
city, it  is  found  that,  when  the  plate  revolves  in  a 
plane  passing  through  the  line  of  the  dip,  the 
galvanometer  is  not  affected ;  but  as  soon  as  the 
plate  is  inclined  to  that  plane,  electricity  begins  to 
be  developed  by  its  rotation;  it  becomes  more 
powerful  as  the  inclination  increases,  and  arrives 
at  a  maximum  when  the  plate  revolves  at  right 
angles  to  the  line  of  the  dip.  When  the  revolu- 
tion is  in  the  same  direction  with  that  of  the  hands 
of  a  watch,  the  current  of  electricity  flows  from, 
its  centre  to  the  circumference;  and  when  the 
rotation  is  in  the  opposite  direction,  the  current 
sets  the  contrary  way.  The  greatest  deviation  of 
the  galvanometer  amoimted  to  50°  or  60°,  wheu 
the  direction  of  the  rotation  was  accommodated  to 
the  oscillations  of  the  needle.  Thus  a  copper 
plate,  revolving  in  a  plane  at  right  angles  to  the 
line  of  the  dip,  forms  a  new  electrical  machine, 
differing  from  the  common  plate-glass  machine, 
by  the  material  of  which  it  is  composed  being  the 
most  perfect  conductor,  whereas  glass  is  the  most 
perfect  non-conductor ;  besides,  insulation,  which 
is  essential  in  the  glass  machine,  is  fatal  in  the 
copper  one.     The  quantity  of  electricity  evolN^^ 
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by  the  metal  does  not  appear  to  be  inferior'  to  that 
developed  by  the  glaaa,  though  very  different  in 
intensity. 

From  the  experiments  of  Mr.  Faraday,  and 
also  from  theory,  it  is  possible  that  the  rotation 
of  the  earth  may  produce  electric  currents  in  its 
own  mats.  In  that  case,  they  would  flow  super* 
ficially  in  the  meridians,  and  if  collectors  could 
be  applied  at  the  equator  and  poles,  as  in  the 
revolving  plate,  negative  electricity  would  be  col- 
lected at  the  equator,  and  positive  at  the  poles ; 
but  without  something  equivalent  to  conductors 
to  complete  the  circuit,  these  currents  could  not 
exist. 

Since  the  motion,  not  only  of  metals  but  even 
of  fluids,  when  under  the  influence  of  powerful 
magnets,  evolves  electricity,  it  is  probable  that  the 
gulf  stream  may  exert  a  sensible  influence  upon 
the  forms  of  the  lines  of  magnetic  variation,  in 
consequence  of  electric  ciurents  moving  across  it, 
by  the  electro-magnetic  induction  of  the  earth. 
Even  a  ship  passing  over  the  surface  of  the  water, 
in  northern  or  southern  latitudes,  ought  to  have 
electric  currents  running  directly  across  the  line 
of  her  motion.  Mr.  Faraday  observes,  that  such 
is  the  facility  with  which  electricity  is  evolved  by 
the  earth's  magnetism,  that  scarcely  any  piece  of 
metal  can  be  moved  in  contact  with  others  with* 
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out  a  development  of  it,  and  that  consequently, 
among  the  arrangements  of  steam  engines  and 
metallic  machinery,  curious  electro-magnetic  com* 
binations  probably  exist,  which  have  never  yet 
been  noticed. 

What  magnetic  properties  the  sun  and  planets 
may  have,  it  is  impossible  to  conjecture,  although 
their  rotation  might  lead  us  to  infer  that  they  are 
similar  to  the  earth  in  this  respect.  According 
to  the  observations  of  MM.  Biot  and  Gray-Lussac, 
during  their  aerostatic  expedition,  the  magnetic 
action  is  not  confined  to  the  surface  of  the  earth, 
but  extends  into  space.  A  decrease  in  its  inten- 
sity was  perceptible,  and  as  it  most  likely  follows 
the  ratio  of  the  inverse  square  of  the  distance,  it 
must  extend  indefinitely.  It  is  probable  that  the 
moon  has  become  highly  magnetic  by  induction, 
in  consequence  of  her  proximity  to  the  earth,  and 
because  her  greatest  diameter  always  points  to« 
wards  it.  Should  the  magnetic,  like  the  gravi- 
tating force,  extend  through  space,  the  induction 
of  the  sun,  moon,  and  planets  must  occasion  per- 
petual variations  in  the  intensity  of  terrestrial 
magnetism,  by  the  continual  changes  in  their 
relative  positions. 

In  the  brief  sketch  that  has  been  given  of  the 
five  kinds  of  electricity,  those  points  of  resem- 
blance have  been  pointed  out  which  ace  ^^ucar.- 

2   A. 
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tentic  of  one  indindnal  power;  but  as  many 
anomalies  bsve  been  lately  lemoved,  and  tbe  iden- 
tily  of  the  different  kinds  plaeed  beyond  a  doubt, 
by  Mr.  Faraday,  it  may  be  satislKtory  to  take  a 
summary  view  of  the  various  coincidences  in  their 
nodes  of  action  on  which  their  identity  has  been 
ao  ably  and  completely  established  by  that  great 
dcctrician. 

The  points  of  comparison  are  afttraetion  and 
lepulsion  at  sensible  distances,  discharge  from 
points  throng  air,  the  heating  power,  magnetic 
influence,  chemical  decomposition,  action  on  the 
hmnan  frame,  and  lastly  the  spark. 

Attraction  and  repidsion  at  sensible  distances, 
which  are  so  ennneutly  characteristic  of  ordinary 
dectricity,  and,  in  a  lesser  d^ree,  also,  of  the 
Toltaic  and  magnetic  currents,  have  not  been  per- 
ceived in  either  the  thermo  or  animal  electricities, 
not  on  account  of  diflerenee  of  kind,  but  entifdy 
owing  to  inferiority  in  tension ;  for  even  the  ordi- 
nary electricity,  when  much  reduced  in  quantity 
and  intensity,  is  incapable  of  exhibiting  these  ]^e* 
nomena. 

Ordinary  electricity  is  readily  discharged  from 
points  through  air,  but  Mr.  Faraday  found  that  no 
sensible  effect  took  ^ce  from  a.  battery  consisting 
of  140  double  plates,  either  through  air  or  in  the 
e&hausted  xeceireT  of  aa  ak>-pump^  the  teste  of 
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the  discbarge  being  the  electrometer  and  chemical 
action,  —  a  circumstance  entirely  owing  to  the 
maali  degree  of  tension,  for  an  enormous  quantity 
of  deetricity  is  required  to  make  these  e£fects  sen- 
able,  and  for  that  reason  they  cannot  be  expected 
from  the  other  kinds,  which  are  much  inferior  in 
ji^^ree.  Common  electricity  passes  easily  through 
Tare6ed  and  hot  air,,  and  also  through  flame.  Mr. 
Faraday  effected  chemical  decomposition  and  a 
deflection  of  the  galvanometer  by  the  transmission 
(^  voltaic  electricity  IhrougK  heated  air,  and  ob- 
serves  that  these  experiments  are  only  cases  of  the 
discharge  which  takes  place  threi^h  air  between 
the  charcoal  terminations  of  the  poles  of  a  power- 
ful battery  when  they  are  gradually  separated  after 
eontact — ^for  the  air  is  then  heated;  and  Sir 
Humphry  Davy  mentions  that,  with  the  original 
yoltaic  apparatus  at  the  Royal  Institution,  the 
discharge  passed  through  four  inches  of  air ;  that, 
in  the  exhausted  receiver  of  an  air-pump,  the 
electricity  would  strike  through  nearly  half  an  inch 
g£  space,  and  that  the  combined  effects  of  rarefac- 
tion and  heat  were  such,  upon  the  included  air,  as 
to  enaUe  it  to  conduct  the  electricity  through  a 
space  of  six  or  seven  inches.  A  Leyden  jar  may 
be  instantaneously  charged  with  voltaic,  and  also 
irith  magneto-eleetricity — another  proof  of  their 
tSQsiop^     Sucb  effects  cannot  be  obtained  &»a^ 
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the  other  kinds,  on  account  of  their  weakness 
only. 

The  heating  powers  of  ordinary  and  voltaic 
electricity  have  long  been  known,  but  the  world  is 
indebted  to  Mr.  Faraday  for  the  wonderful  disco* 
very  of  the  heating  x)ower  of  the  magnetic  fluid: 
there  is  no  indication  of  heat  either  from  the 
animal  or  thermo-electricities.  All  the  kinds  of 
electricity  have  strong  magnetic  powers,  those  of 
the  voltaic  fluid  are  highly  exalted,  and  the  exist- 
ence  of  the  magneto  and  thermo-electricities  was 
discovered  by  their  magnetic  influence  alone.  The 
needle  has  been  deflected  by  all  in  the  same  man- 
ner, and,  with  the  exception  of  thermo-electricity, 
magnets  have  been  made  by  all  according  to  the 
same  laws.  Ordinary  electricity  was  long  supposed 
incapable  of  deflecting  the  needle,  and  it  required 
all  Mr.  Faraday's  ingenuity  to  produce  that  effect 
He  has,  however,  proved  that,  in  this  respect,  also, 
ordinary  electricity  agrees  with  voltaic,  but  that 
time  must  be  allowed  for  its  action.  It  deflected 
the  needle,  whether  the  current  was  sent  through 
rarefied  air,  water,  or  wire.  Numerous  chemical 
decompositions  have  been  effected  by  ordinary  and 
voltaic  electricity,  according  to  the  same  laws  and 
modes  of  arrangement.  Dr.  Davy  decomposed 
water  by  the  electricity  of  the  torpedo, — Mr.  Fa- 
raday accomplished  its  decomposition,  and  Dr. 
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fiitchie  its  compOBition^  by  means  of  magnetic 
action ;  but  the  chemical  effects  of  the  thermo^ 
electricity  have  not  yet  been  observed.  The  elec- 
tric and  galvanic  shock,  the  flash  in  the  eyes,  and 
the  sensation  on  the  tongue,  are  well  known.  All 
these  effects  are  produced  by  magneto-electricity, 
even  to  a  painful  degree.  The  torpedo  and  gym*- 
notus  electricus  give  severe  shocks,  and  the  limbs 
of  a  irog  have  been  convulsed  by  thermo-electri- 
city. The  last  point  of  comparison  is  the  spark, 
which  is  already  mentioned  as  common  to  the 
■ordinary,  voltaic,  and  magnetic  fluids;  and  al- 
though it  has  not  yet  been  seen  from  the  thermo 
and  animal  electricities,  there  can  be  no  doubt 
that  it  is  only  on  account  of  their  feebleness. 
Indeed,  the  conclusion  drawn  by  Mr.  Faraday  is 
that  the  five  kinds  of  electricity  are  identical,  and 
that  the  differences  of  intensity  and  quantity  are 
quite  sufficient  to  account  for  what  were  supposed 
to  be  their  distinctive  qualities.  He  has  given 
still  greater  assurance  of  their  identity  by  showing 
-that  the  magnetic  force  and  the  chemical  action  of 
•electricity  are  in  direct  proportion  to  the  absolute 
quantity  of  the  fluid  which  passes  through  the  gal- 
vanometer, whatever  its  intensity  may  be. 

In  light,  heat,  and  electricity,  or  magnetism,  na- 
ture has  exhibited  principles  which  do  not  occasion 
aiiy  appreciate  change  in  the  weight  q£  \vQ^i»k^ 
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ilthough  their  presence  is  manifested  by  the  most 
remu-kable  mechanical  and  chemical  action.  These 
agencies  are  so  connected,  that  there  is  reason  to 
believe  they  will  ultimately  be  referred  to  some 
imc  ]xiwer  of  a  higher  order,  in  conformity  inth 
ihe  general  economy  of  the  system  of  the  worl^ 
^here  the  most  varied  and  complicated  effects 
are  produced  by  a  small  number  of  universal 
laws.  These  principles  penetrate  matter  in  all  di^ 
rections;  their  velocity  is  prodigious,  and  their 
intensity  varies  inversely  as  the  square  of  the  dis^ 
tance.  The  development  of  electric  currents,  as 
well  by  magnetic  as  electric  induction,  the  simi^ 
larity  in  their  mode  of  action  in  a  great  variety  of 
circumstances,  but  above  all  the  production  of  the 
spark  from  a  magnet,  the  ignition  of  metallic  wires, 
and  chemical  decomposition,  show  that  magnetism 
•can  no  longer  be  regarded  as  a  separate,  independ- 
•ent  principle.  That  light  is  visible  heat  seems 
highly  probable;  and  although  the  evolution  of 
light  and  heat  during  the  passage  of  the  electric 
fluid  may  be  from  the  compression  of  the  air,  yet 
the  development  of  electricity  by  heat,  the  influence 
of  heat  on  magnetic  bodies,  and  that  of  light  on 
the  vibrations  of  the  compass,  show  an  occult 
connexion  between  all  these  agents,  which  pro- 
bably will  one  day  be  revealed;  and  in  the 
mean  time  it  opeu^  a  lioble  field  of  experimental 
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lesearch  to  philosopherB  of  the  present,  periu^  «f 
future  ages. 

SECTION  XXXVI. 

In  considering  the  constitution  of  the  earth  and 
the  fluids  which  surround  it^  various  subjects  have 
presented  themselves  to  our  notice,  of  which  some, 
for  aught  we  know,  are  confined  to  the  planet  we 
inhabit ;  some  are  common  to  it  and  to  the  other 
bodies  of  our  system ;  but  an  all-pervading  ether 
probably  fills  the  whole  visible  creation,  and  con- 
veys, in  the  form  of  light,  tremors  which  may 
have  been  excited  in  the  deepest  recesses  of  the 
universe  thousands  of  years  before  we  were  called 
into  being.  The  existence  of  such  a  medium, 
though  at  first  hypothetical,  is  nearly  proved  by 
the  undulatory  theory  of  light,  and  rendered  all 
but  certain,  within  a  few  years,  by  the  motion  of 
comets,  and  by  its  action  upon  the  vapours  of  which 
they  are  chiefly  composed.  It  has  often  been 
imagined  that,  in  addition  to  the  efiects  of  heat 
and  electricity,  the  tails  of  comets  have  infused 
new  substances  into  our  atmosphere.  Possibly 
the  earth  may  attract  some  of  that  nebulous  mat- 
ter, since  the  vapours  raised  by  the  sun's  heat, 
when  the  comets  are  in  perihelio,  and  which  form 
their  tails,  are  scattered  through  space  in  their 
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passage  to  their  aphelion;  bat  it  haa  hitherto 
produced  no  efiect,  nor  hare  the  aeasons  erer  been 
influenced  by  these  bodies.  In  all  probability,  the 
tails  of  comets  may  have  passed  over  the  earth 
without  its  inhabitants  being  conscious  of  their 
presence. 

The  passage  of  comets  has  never  sensibly  dis- 
turbed the  stability  of  the  solar  system;  their 
nucleus,  being  in  general  only  a  mass  of  vapours, 
is  so  rare,  and  their  transit  so  rapid,  that  the  time 
has  not  been  long  enough  to  admit  of  a  sufficient 
accumulation  of  impetus  to  produce  a  perceptible 
action.  Indeed,  M.  Dusejour  has  proved  that, 
under  the  most  favourable  circumstances,  a  comet 
cannot  remain  longer  than  two  hours  and  a 
half  at  a  less  distance  than  10500  leagues  from 
the  earth.  The  comet  of  1*710  passed  within 
about  six  times  the  distance  of  the  moon  from 
the  earth,  without  even  affecting  our  tides ;  and 
as  the  moon  has  no  sensible  influence  on  the  equi- 
librium of  the  atmosphere,  a  comet  must  have 
still  less.  According  to  La  Place,  the  action  of 
the  earth  on  the  comet  of  1170  augmented  the 
period  of  its  revolution  by  more  than  two  days ; 
and  if  comets  had  any  perceptible  disturbing 
energy,  the  reaction  of  the  comet  ought  to  have 
increased  the  length  of  our  year.  Had  the  mass 
of  that  comet  been  equal  to  the  mass  of  the  earth. 
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its  disturbing  action  wonld  have  increased  the 
length  of  the  sideral  year  by  2**  53"  j  but  as 
Delambre's  computations  from  the  Greenwich 
observations  of  the  sun,  show  that  the  length  of 
the  year  has  not  been  increased  by  the  fraction  of 
a  second,  its  mass  could  not  have  been  equal  to 
^^  TuW  P^^t  of  that  of  the  earth.  This  accounts 
for  the  same  comet  having  twice  swept  through 
the  system  of  Jupiter's  satellites  without  derang- 
ing the  motions  of  these  moons.  Dusejour  has 
computed  that  a  comet,  equal  in  mass  to  the  earth, 
passing  at  the  distance  of  12150  leagues  from  our 
planet,  would  increase  the  length  of  the  year  to 
35»^d  i5h  5m^  ^Q^j  ^jjg  obUquity  of  the  ecliptic  as 

much  as  2°.  So  the  principal  action  of  comets 
would  be  to  alter  the  calendar,  even  if  they  were 
dense  enough  to  affect  the  earth. 

Comets  traverse  all  parts  of  the  heavens; 
their  paths  have  every  possible  inclination  to 
the  plane  of  the  ecliptic,  and,  unlike  the  planets^ 
the  motion  of  more  than  half  of  those  that 
have  appeared  have  been  retrograde.  They 
are  only  visible  when  near  their  perihelia ;  then 
their  velocity  is  such,  that  its  square  is  twice  as 
great  as  that  of  a  body  moving  in  a  circle  at  the 
same  distance,  they  consequently  remain  a  very 
short  time  within  the  planetary  orbits ;  and  as  all 
the  conic  sections  of  the  same  focal  distance  ujss- 
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«bly  coincide,  through  «  BmaU  arc  on  each  side 
of  the  extremity  of  their  axis,  it  m  difficult  to 
aaoertam  in  nrhich  of  these  curves  the  comete 
move,  from  obsenrations  made,  as  thej  necesnnfy 
muBt  be,  at  their  perihelia ;  but  probaUy  they  aH 
move  in  extremely  excentric  ellipses,  although  in 
most  cases  the  parabolic  curve  coincides  most 
nearly  with  their  observed  motions.  Some  fbr 
seem  to  describe  hyperbolas;  such  being  onee 
visible  to  us,  would  vanish  for  ever,  to  wander 
through  boundless  space,  to  the  remote  sys- 
tems of  the  universe.  If  a  planet  be  supposed 
to  revolve  in  a  circular  orbit,  whose  radius  is 
«qual  to  the  perihelion  distance  of  a  comet  mov- 
ing in  a  parabola,  the  areas  described  by  these 
two  bodies  in  the  same  time  will  be  as  unity 
to  the  square  root  of  two,  which  forms  such  i 
connexion  between  the  motion  of  comets  and 
planets,  that,  by  Kepler's  law,  the  ratio  of  the 
areas  described  during  the  same  time  by  the  comet 
and  the  earth  may  be  found ;  so  that  the  place  of 
a  comet  at  any  time  in  its  parabolic  orbit,  esti- 
mated from  the  instant  of  its  passage  at  the  peri- 
helion, may  be  computed.  But  it  is  a  problem  of 
very  great  difficulty  to  determine  all  the  other 
elements  of  parabolic  motion — namely,  the  comet's 
perihelion  distance,  or  shortest  distance  from  ii» 
Ban,  estimated  in  -^axts  of  the  mean  distaiice  of 
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tbe  earth  from  the  buti  ;  the  longitude  of  the  peri- 
helion ;  the  hicHnation  of  the  orbit  on  the  plane  of 
the  ecliptic ;  and  the  longitude  oif  the  ascending 
node.  Three  observed  longitudes  and  latitudes  of 
a  comet  are  sufficient  for  computing  the  approxi- 
mate values  of  these  quantities ;  but  an  accurate 
estimation  of  them  can  only  be  obtained  by  suc- 
cessive corrections  from  a  number  of  observations^ 
distant  from  one  another.  When  the  motion  of  a 
comet  is  retrograde,  the  place  of  the  ascending 
node  is  exactly  opposite  to  what  it  is  when  the 
motion  is  direct ;  hence  the  place  of  the  ascending 
node,  together  with  the  direction  of  the  comet's 
motion,  show  whether  the  inclination  of  the  orbit 
is  on  the  north  or  south  side  of  the  plane  of  the 
ecliptic.  If  the  motion  be  direct,  the  inclination 
is  on  the  north  side ;  if  retrograde,  it  is  on  the 
south  side. 

The  identity  of  the  elements  is  the  only  proof 
of  the  return  of  a  comet  to  our  system.  Should 
the  elements  of  a  new  comet  be  the  same,  or  nearly 
the  same,  with  those  of  any  one  previously  known, 
the  probability  of  the  identity  of  the  two  bodies  is 
very  great,  since  the  similarity  extends  to  no  less 
than  four  elements,  every  one  of  which  is  capable 
of  an  infinity  of  variations.  But  even  if  the  orbit 
be  determined  with  all  the  accuracy  the  case  ad- 
mits of,  it  may  be  difficult,  or  even  im^oeaihU^^ 
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lecogniBe  a  comet  on  itt  return,  because  its  orbit 
would  be  very  much  changed  if  it  passed  near  any 
of  the  large  planets  of  this,  or  of  any  other  syston, 
in  consequence  of  their  disturlnng  enei^,  which 
would  be  very  great  on  bodies  of  so  rare  a  nature^ 
Halley  computed  the  elements  of  the  orbit  of  a 
comet  that  appeared  in  the  year   1682,  which 
agreed  so  nearly  with  those  of  the  comets  of  1607 
and  1S31,  that  he  concluded  it  to  be  the  same 
body  returning  to  the  sun,  at  intervals  of  about 
seventy-five  years.    He  consequently  predicted  its 
le-appearance  in  the  year  IISS,  or  in  the  begin- 
ning of  1159.    Science  was  not  sufficiently  ad'- 
vanced  in  the  time  of  Halley,  to  enable  him  to 
determine  the  perturbations  this  comet  might  ex- 
perience; but  Clairaut  computed  that  it  would  be 
retarded  in   its  motion  a  hundred  days  by  the 
attraction  of  Satuni,  and  518  by  that  of  Jupiter^ 
and  consequently,  that  it  would  pass  its  perihe- 
lion about  the  middle  of  April,  1759,  requiring 
618  days  more  to  arrive  at  that  point  than  in  its 
preceding  revolution.     This,  however,  he  con- 
sidered only  to  be  an  approximation^  and  that  it 
might  be  thirty  days  more  or  less :  the  return 
of  the  comet  on  the  12th  of  March,  1759,  proved 
the  truth  of  the  prediction.      MM.  Damoiseau 
and  Pontecoulant  have  ascertained  that  this  comet 
will  return  either  on  the  4th  or  the  7th  of  No*- 
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Yember,  1835;  the  difference  of  three  days  in 
their  computations  arises  from  their  having  em- 
ployed different  values  for  the  masses  of  the 
planets.  This  is  the  first  comet  ivhose  peri- 
odicity has  been  established ;  it  is  also  the  first 
whose  elements  have  been  determined  from  obser- 
vations made  in  Europe,  for  although  the  comets 
which  appeared  in  the  years  240,  539,  565,  and 
83*7,  are  the  most  ancient  whose  orbits  have  been 
traced,  their  elements  were  computed  from  Chinese 
observations. 

By  far  the  most  curious  and  interesting  instance 
of  the  disturbing  action  of  the  great  bodies  of  our 
system  is  found  in  the  comet  of  11 10.  The  ele- 
ments of  its  orbit,  determined  by  Messier,  did  not 
agree  with  those  of  any  comet  that  had  hitherto 
been  computed,  yet  Lexel  ascertained  that  it  de^ 
scribed  an  ellipse  about  the  sun,  whose  major 
axis  was  only  equal  to  three  times  the  length  of 
the  diameter  of  the  terrestrial  orbit,  and  conse- 
quently that  it  must  return  to  the  sun  at  intervals  of 
five  years  and  a  half.  This  result  was  confirmed  by 
numerous  observations,  as  the  comet  was  visible 
through  an  arc  of  110^ ;  yet  this  comet  had  never 
been  observed  before  the  year  1110,  nor  has  it  ever 
again  been  seen,  though  very  brilliant  The  dis- 
turbing action  of  the  larger  planets  afford  a  solu^ 
tion  of  this  anomalyi  as  Lexel  ascertained  that  ia 
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)767  the  comet  mmt  have  paflsed  Jupiter  at  & 
diAtance  Urn  thtn  the  fifty-eighth  part  of  its  dis- 
tan«:e  from  the  sun,  and  that  in  1779  it  would  be 
500  times  nearer  Jupiter  than  the  sun ;  amse- 
qucntly  the  action  of  the  sun  on  the  comet  would 
not  he  the  fiftieth  part  of  what  it  would  experience 
from  Jupiter,  so  thi^  Jupiter  hecame  the  primum 
mobile.  Aaauming  the  orbit  to  be  such  as  Lexel 
had  determined  in  1770,  La  Place  found  that  the 
action  of  Jupiter,  previous  to  the  year  1770, 
had  80  completely  changed  the  form  of  it,  that 
the  comet  which  had  been  invisible  to  us  before 
1770,  iK'as  then  brought  into  view,  and  that  the 
action  of  the  same  planet  producing  a  contrary 
c&ct,  has,  subsequently  to  that  year,  removed  it, 
probably  for  ever,  from  our  system.  This  comet 
might  have  been  seen  from  the  earth  in  1776,  had 
its  light  not  been  eclipsed  by  that  of  the  sun. 

Besides  Halley's  comet,  two  others  are  now 
proved  to  form  part  of  our  system ;  that  is  to 
say,  they  return  to  the  sun  at  intervals,  one  of 
1207  days,  and  the  other  of  6!-  years,  nearly. 
The  first,  generally  called  Encke's  comet,  or  the 
comet  of  the  short  period,  was  first  seen  by  MM. 
Messier  and  Mechain  in  1786,  again  by  Miss 
Herschel  in  1795,  and  its  returns  in  the  years  1 805 
and  1819  were  observed  by  other  astronomers, 
undec  the  impression  that  all  foiur  were  difiEerent 
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iMNiieB ;  however,  FrofiesflorEncke  not  onlj  provol 
their  identity,  but  determined  the  curcumstanccs 
of  the  comet's  motion.  Its-  reappearance  m  ibm 
ycaom  1825,  1828»  and  1832  accorded  with  the 
orlttt  assigned  by  M.  Encke,  who  thna  established 
the  length  of  its  period  to  be  1207  days,  nearly. 
This  comet  is  very  small,  of  feeble  light,  and  in- 
visible to  the  naked  eye,  except  nnder  very  fiivour- 
able  circumstances,  and  in  particular  positions';  it 
has  no  tail,  it  revolves  in  an  ellipse  of  great  exee&* 
tricity  inclined  at  an  angle  of  13°  22^  to  the  plane 
of  the  ecliptic,  and  is  subject  to  considerable  per- 
turbations firom  the  attraction  of  the  planets*  It 
haa  already  been  mentioned,  that  among  the  many 
perturbations  to  which  the  planets  are  liable,  their 
mean  motions,  and,  theref(^e,  the  major  axes  of 
their  orbits,  experience  no  change;  while,  on  the 
contrary,  the  mean  motion  of  the  moon  is  accele* 
xated  from  age  to  age,  a  circumstance  at  first 
attributed  to  the  resistance  of  an  etherial  medkm 
pervading  space,  bnt  subsequenliy  proved  to  arise 
fipom  the  secular  diminution  of  the  excentricity  of 
Ae  terrestrial  orbit.  Although  the  resistance  of 
audi  a  medium  has  not  hitherto  been  perceived  in 
the  motions  of  such  dense  bodies  as  the  planets 
aad  satellites,  its  e£Eects  on  the  revolutions  of  the 
two  small  periodic  comets  har^  leave  a  doubt  of 
iliCBdstaice.  From  the  niBDeroasobservationathSbt 
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have  been  made  on  each  return  of  the  comet  of  the 
■hort  period,  the  elements  have  been  computed 
with  great  accuracy  on  the  hypothesis  of  its  moving 
in  vacuo;  its  perturbations  occasioned  by  the  dis- 
turbing  action  of  the  planets  have  been  deter- 
mined ;  and  after  every  thing  that  could  influence 
its  motion  had  been  duly  considered,  M.  Encke 
found  that  an  acceleration  of  about  two  days  on 
each  revolution  has  taken  place  in  its  mean  mo- 
tion, precisely  similar  to  that  which  would  be 
occasioned  by  the  resistance  of  an  etherial  me* 
dium ;  and  as  it  cannot  be  attributed  to  a  cause 
like  that  which  produces  the  acceleration  of  the 
moon,  it  must  be  concluded  that  the  celestial 
bodies  do  not  perform  their  revolutions  in  an  ab- 
solute void,  and  that  although  the  medium  be  too 
rare  to  have  a  sensible  effect  on  the  masses  of  the 
planets  and  satellites,  it  nevertheless  has  a  con* 
siderable  influence  on  so  rare  a  body  as  a  comet. 
Contradictory  as  it  may  seem,  that  the  motion  of 
a  body  should  be  accelerated  by  the  resistance  of 
an  etherial  medium,  the  truth  becomes  evident  if 
it  be  considered  that  both  planets  and  comets  are 
retained  in  their  orbits  by  two  forces  which  ex- 
actly balance  one  another;   namely,  the  centri- 
fugal force  producing  the  velocity  in  the  tangent, 
and  the  attraction  of  the  gravitating  force  directed 
to  the  centre  of  the  a\m.    If  oike  of  these  forces 
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lesearch  to  philosopherB  of  the  present,  perhi^'^f 
future  ages. 

SECTION  XXXVI. 

In  coDsidering  the  constitution  of  the  earth  and 
the  fluids  which  surround  it,  various  subjects  have 
presented  themselves  to  our  notice,  of  which  some, 
for  aught  we  know,  are  confined  to  the  planet  we 
inhabit ;  some  are  common  to  it  and  to  the  other 
bodies  of  our  system ;  but  an  all-pervading  ether 
probably  fills  the  whole  visible  creation,  and  con- 
veys, in  the  form  of  light,  tremors  which  may 
have  been  excited  in  the  deepest  recesses  of  the 
universe  thousands  of  years  before  we  were  called 
into  being.  The  existence  of  such  a  medium, 
though  at  first  hypothetical,  is  nearly  proved  by 
the  undulatory  theory  of  light,  and  rendered  all 
but  certain,  within  a  few  years,  by  the  motion  of 
comets,  and  by  its  action  upon  the  vapours  of  which 
they  are  chiefly  composed.  It  has  often  been 
imagined  that,  in  addition  to  the  eflects  of  heat 
and  electricity,  the  tails  of  comets  have  infused 
new  substances  into  our  atmosphere.  Possibly 
the  earth  may  attract  some  of  that  nebulous  mat- 
ter, since  the  vapours  raised  by  the  sun's  heat, 
when  the  comets  are  in  perihelio,  and  which  form 
.their  tails,  are  scattered  through  space  in  their 
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ptssftge  to  their  aphelion ;  bat  it  has  liitherto 
produced  no  efiect,  nor  have  the  seasons  ever  been 
influenced  by  these  bodies.  In  all  probability,  the 
tails  of  comets  may  have  passed  over  the  earth 
without  its  inhabitants  being  conscious  of  their 
presence. 

The  passage  of  comets  has  never  sensibly  dis- 
turbed the  stability  of  the  solar  system;  their 
nucleus,  being  in  general  only  a  mass  of  vapours, 
is  so  rare,  and  their  transit  so  rapid,  that  the  time 
has  not  been  long  enough  to  admit  of  a  sufficient 
accumulation  of  impetus  to  produce  a  perceptible 
action.  Indeed,  M.  Dusejour  has  proved  that, 
under  the  most  favourable  circumstances,  a  comet 
cannot  remain  longer  than  two  hours  and  a 
half  at  a  less  distance  than  10500  leagues  from 
the  earth.  The  comet  of  17*70  passed  within 
about  six  times  the  distance  of  the  moon  from 
the  earth,  without  even  affecting  our  tides ;  and 
as  the  moon  has  no  sensible  influence  on  the  equi- 
librium of  the  atmosphere,  a  comet  must  have 
still  less.  According  to  La  Place,  the  action  of 
the  earth  on  the  comet  of  1170  augmented  the 
period  of  its  revolution  by  more  than  two  days ; 
and  if  comets  had  any  perceptible  disturbing 
energy,  the  reaction  of  the  comet  ought  to  have 
increased  the  length  of  our  year.  Had  the  mass 
of  that  comet  been  equal  to  the  mass  of  the  earth, 
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its  disturbing  action  "would  have  increased  the 
length  of  the  sideral  year  by  2**  53° ;  but  as 
Delambre's  computations  from  the  Greenwich 
observations  of  the  sun,  show  that  the  length  of 
the  year  has  not  been  increased  by  the  fraction  of 
a  second,  its  mass  could  not  have  been  equal  to 
^c  -sttW  P&^t  of  that  of  the  earth.  This  accounts 
for  the  same  comet  having  twice  swept  through 
the  system  of  Jupiter's  satellites  without  derang- 
ing the  motions  of  these  moons.  Dusejour  has 
computed  that  a  comet,  equal  in  mass  to  the  earth, 
passing  at  the  distance  of  12150  leagues  from  our 
planet,  would  increase  the  length  of  the  year  to 
3gijd  jgh  gm^  ^^^  j.|^g  obliquity  of  the  ecliptic  as 

much  as  2^.  So  the  principal  action  of  comets 
would  be  to  alter  the  calendar,  even  if  they  were 
dense  enough  to  affect  the  earth. 

Comets  traverse  all  parts  of  the  heavens; 
their  paths  have  every  possible  inclination  to 
the  plane  of  the  ecliptic,  and,  unlike  the  planets^ 
the  motion  of  more  than  half  of  those  that 
have  appeared  have  been  retrograde.  They 
are  only  visible  when  near  their  perihelia ;  then 
their  velocity  is  such,  that  its  square  is  twice  as 
great  as  that  of  a  body  moving  in  a  circle  at  the 
same  distance,  they  consequently  remain  a  very 
short  time  within  the  planetary  orbits ;  and  as  all 
the  conic  sections  of  the  same  focal  distance  suoi- 
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the  comet  whose  period  is  6f  years  was  ten  tunes 
nearer  the  earth  in  1805  than  in  1833,  when  it 
eaused  so  much  alarm. 

Comets,  when  in  or  near  their  perihelion,  move 
with  prodigious  velocity.  That  of  1680  appeurs 
to  have  gone  half  round  the  sun  in  ten  hours  and  a 
half,  moving  at  the  rate  of  880000  miles  an  hour. 
If  its  enormous  centrifugal  force  had  ceased  when 
passing  its  perihelion,  it  would  have  fallen  to  the 
sun  in  about  three  minutes,  as  it  was  then  only 
HIOOO  miles  from  his  surface.  So  near  the 
sun,  it  would  be  exposed  to  a  heat  27500  times 
greater  than  that  received  by  the  earth ;  and  as 
the  sun*s  heat  is  supposed  to  be  in  proportion  to 
the  intensity  of  his  light,  it  is  probable  that  a  de- 
gree of  heat  so  very  intense  would  be  sufficient  to 
convert  into  vapour  every  terrestrial  substance 
with  which  we  are  acquainted.  At  the  perihelion 
distance  the  sun's  diameter  would  be  seen  from 
the  comet  under  an  angle  of  73°,  so  that  the  sun, 
viewed  from  the  comet,  would  nearly  cover  the 
whole  extent  of  the  heavens  from  the  horizon  to 
the  zenith;  and  as  this  comet  is  presumed  to 
have  a  period  of  575  years,  the  major  axis  of  its 
orbit  must  be  so  great,  that  at  the  aphelion  the 
sun's  diameter  would  only  subtend  an  angle  of 
about  fourteen  seconds,  which  is  not  so  great  as 
half  the  diameter  of  Mars  appears  to  us  when  in 
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the  earth  ^m  the  sun ;  the  longitude  of  the  peri- 
helion ;  the  hicHnation  of  the  orbit  on  the  plane  of 
the  ecliptic ;  and  the  longitude  of  the  ascending 
node.  Three  observed  longitudes  and  latitudes  of 
a  comet  are  sufficient  for  computing  the  approxi- 
mate values  of  these  quantities ;  hut  an  accurate 
estimation  of  them  can  only  be  obtained  by  suc- 
cessive corrections  from  a  number  of  observations^ 
distant  from  one  another.  When  the  motion  of  a 
comet  is  retrograde,  the  place  of  the  ascending 
node  is  exactly  opposite  to  what  it  is  when  the 
motion  is  direct ;  hence  the  place  of  the  ascending 
node,  together  with  the  direction  of  the  comet's 
motion,  show  whether  the  inclination  of  the  orbit 
is  on  the  north  or  south  side  of  the  plane  of  the 
ecliptic.  If  the  motion  be  direct,  the  inclination 
is  on  the  north  side ;  if  retrograde,  it  is  on  the 
south  side. 

The  identity  of  the  elements  is  the  only  proof 
of  the  return  of  a  comet  to  our  system.  Should 
the  elements  of  a  new  comet  be  the  same,  or  nearly 
the  same,  with  those  of  any  one  previously  known, 
the  probability  of  the  identity  of  the  two  bodies  is 
very  great,  since  the  similarity  extends  to  no  less 
than  four  elements,  every  one  of  which  is  capable 
of  an  infinity  of  variations.  But  even  if  the  orbit 
be  determined  with  all  the  accuracy  the  case  ad- 
mite  of,  it  may  be  difficult,  or  even  im^^otuhlft^V^ 
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lecogniBe  a  comet  on  itt  return,  because  its  orbit 
would  be  very  much  changed  if  it  passed  near  any 
of  the  large  planets  of  this,  or  of  any  other  system, 
in  consequence  of  their  disturbing  energy,  which 
would  be  very  great  on  bodies  of  ito  rare  a  nature. 
Halley  computed  the  elements  of  the  orbit  of  a 
comet  that  appeared  in  the  year   1682,  which 
agreed  so  nearly  with  those  of  the  comets  of  1607 
and  1S31,  that  he  concluded  it  to  be  the  same 
body  returning  to  the  sun,  at  intervals  of  about 
seventy-five  years.    He  consequently  predicted  its 
le-appearance  in  the  year  llSS,  or  in  the  begin- 
ning of  IISQ.    Science  was  not  sufficiently  ad- 
vanced in  the  time  of  Halley,  to  enable  him  to 
determine  the  perturbations  this  comet  might  ex- 
perience; but  Clairaut  computed  that  it  would  be 
retarded  in   its  motion  a  hundred  days  by  the 
attraction  of  Saturn,  and  518  by  that  of  Jupiter^ 
and  consequently,  that  it  would  pass  its  perihe- 
lion about  the  middle  of  April,  1759,  requiring 
618  days  more  to  arrive  at  that  point  than  in  its 
preceding  revolution.     This,  however,  he  con- 
sidered only  to  be  an  approximation,  and  that  it 
might  be  thirty  days  more  or  less :  the  return 
of  the  comet  on  the  12th  of  March,  1759,  proved 
the  truth  of  the  prediction.      MM.  Damoiseau 
and  Pontecoulant  have  ascertained  that  this  comet 
will  return  either  on  tiie  4th  or  the  7  th  of  No" 
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member,  1835;  the  difference  of  three  days  in 
their  computations  arises  from  their  having  em-t 
ployed  different  values  for  the  masses  of  the 
planets.  This  is  the  first  comet  ivhose  peri* 
odicity  has  been  established ;  it  is  also  the  first 
whose  elements  have  been  determined  from  obser- 
vations made  in  Europe,  for  although  the  comets 
which  appeared  in  the  years  240,  539,  565,  and 
SSI,  are  the  most  ancient  whose  orbits  have  been 
traced,  their  elements  were  computed  from  Chinese 
observations. 

By  far  the  most  curious  and  interesting  instance 
of  the  disturbing  action  of  the  great  bodies  of  our 
system  is  found  in  the  comet  of  17'70.  The  ele« 
ments  of  its  orbit,  determined  by  Messier,  did  not 
agree  with  those  of  any  comet  that  had  hitherto 
been  computed,  yet  Lexel  ascertained  that  it  de^ 
scribed  an  ellipse  about  the  sun,  whose  major 
axis  was  only  equal  to  three  times  the  length  of 
the  diameter  of  the  terrestrial  orbit,  and  conse* 
quently  that  it  must  return  to  the  sun  at  intervals  of 
five  years  and  a  half.  This  result  was  confirmed  by 
numerous  observations,  as  the  comet  was  visible 
through  an  arc  of  IW ;.  yet  this  comet  had  never 
been  observed  before  the  year  1110,  nor  has  it  ever 
again  been  seen,  though  very  brilliant  The  dis* 
turbing  action  of  the  larger  planets  afford  a  solu<y 
tion  of  this  anomalyi  a»  Lexel  ascertained  tlwLt  iaoL 
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place  in  the  year  1827;  imfbrtunately  the  Bon 
was  hid  by  clouds  from  the  British  astronomen, 
but  it  was  examined  at  Viviers  and  at  Marseilles, 
at  the  time  the  comet  must  have  been  projected 
on  its  disc,  but  no  spot  or  cloud  was  to  be  seen. 

The  tails  of  comets  proceed  from  the  head  in 
two  streams  of  light  somewhat  like  that  of  the 
aurora ;  these  in  most  cases  unite  at  a  greater  or 
less  distance  from  the  nucleus,  and  are  gene- 
rally situate  in  the  planes  of  their  orbits;  they 
follow  the  comets  in  their  descent  towards  the 
sun,  but  precede  them  in  their  return  with  a 
small  degree  of  curvature,  probably  owing  to  the 
resistance  of  the  ether,  but  their  extent  and  form 
must  vary  in  appearance  according  to  the  positions 
of  their  orbits  with  regard  to  the  ecliptic.  In  some 
cases,  the  tail  has  been  at  right  angles  to  the  line 
joining  the  sun  and  comet.  They  are  generally  of 
enormous  lengths, — the  comet  of  1811  had  a  tail 
no  less  than  34  millions  of  leagues  in  length,  and 
those  which  appeared  in  the  years  1618,  1680, 
and  1769,  had  tails  which  extended  respectively 
over  104,  90,  and  97  degrees  of  space;  conse- 
quently, when  the  heads  of  these  comets  were  set, 
a  portion  of  the  extremity  of  their  tails  was  still  in 
the  zenith.  Sometimes  the  tail  is  divided  into 
several  branches,  like  the  comet  of  1744,  which 
had  six,  sepaiaXed  \>^  daxk  intervals,  each  of  th&a 
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about  4°  broad,  and  from  30*"  to  44°  long.  The 
tails  do  not  attain  their  full  magnitude  till  the 
comet  has  left  the  sun.  When  these  bodies  first 
appear,  they  resemble  round  films  of  vapour  with 
little  or  no  tail ;  as  they  approach  the  sun,  they 
increase  in  brilliancy,  and  their  tail  in  length,  till 
they  are  lost  in  his  rays;  and  it  is  not  till  they 
emerge  from  the  sun's  more  vivid  light  that  tjiey 
assume  their  fiill  splendour.  They  then  gradually 
decrease  by  the  same  degrees ;  their  tails  diminish 
and  disappear  nearly  or  altogether  before  the 
comet  is  beyond  the  sphere  of  telescopic  vision. 
Many  comets  have  no  tails  at  all,  as,  for  example, 
Encke's  comet  and  that  discovered  by  M.  Biehiy 
both  of  which  are  small  and  insignificant  objects.. 
The  comets  which  appeared  in  the  years  1585, 
1163,  and  1682,  were  also  without  tails,  though 
the  latter  is  recorded  to  have  been  as  bright  aa 
Jupiter.  The  matter  of  the  tail  must  be  extremely 
buoyant  to  precede  a  body  movii^^  with  such  velo- 
city; indeed  the  rapidity  of  its  ascent  can  only 
be  accounted  for  by  the  fervent  heat  of  the  sun. 
Immediately  after  the  great  comet  of  1680  had 
passed  its  perihelion,  its  tail  was  20000000  leagues 
in  length,  and  was  projected  from  the  comet's  head 
in  the  short  space  of  two  days.  A  body  of  such 
^treme  tenuity  as  a  comet  is  most  likely  incapable 
of  an  attraction  powerful  enough  to  recall  mattiex 
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tent  to  such  an  enormouB  distuice ;  it  is  therefore, 
in  all  probability,  scattered  in  space,  which  nay 
aecount  for  the  rapid  decrease  obserred  in  the  tails 
of  comets  every  time  they  retiim  to  their  peiihdia* 
It  is  remarkable  that,  although  the  tails  of  co- 
mets increase  in  length  as  they  approach  their  pe- 
rihelia, there  is  reason  to  believe  that  the  real  dia- 
meter of  the  nebulous  matter  or  nucleus  contracts 
oa  coming  near  the  sun,  and  expands  rapidly  on 
leaving  him.  Hevelius  first  observed  this  pheno- 
mencm,  which  Encke's  comet  has  exhibited  in  a 
very  extraordinary  degree.  On  the  26th  of  Octo- 
ber, 1828,  this  comet  was  about  three  times  as  far 
Smm  the  sun  as  it  was  on  the  24th  of  December, 
yet  at  the  first  date  its  apparent  diameter  was 
twenty-five  times  greater  than  at  the  second,  the 
decrease  being  progressive.  M.  Yalz  attributes 
the  circumstance  to  a  real  condensation  of  volume 
from  the  pressure  of  the  ethereal  medium,  which 
increases  most  rapidly  in  density  towards  the  sur- 
face of  the  sun,  and  forms  an  extensive  atmosphere 
around  him.  Sir  John  Herschel,  on  the  contrary, 
conjectures  that  it  may  be  owing  to  the  alternate 
conversion  of  evaporable  materials  in  the  upper 
regions  of  a  transparent  atmosphere  into  the  states 
of  visible  cloud  and  invisible  gas  by  the  effects  of 
heat  and  cold.  Not  only  the  tails,  but  the  nebulous 
part  of  comets  diminiahea  every  time  they  return 
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to  their  perihelia;  after  frequent  retuma  they 
ought  to  lose  it  altogether,  and  present  the  appear- 
ance of  a  fixed  nucleus :  this  ought  to  happen 
sooner  to  comets  of  short  periods.  Jjbl  Place  sup- 
poses that  the  comet  of  1682  must  he  approaching 
rapidly  to  that  state.  Should  the  suhstances  he 
altogether,  or  even  to  a  great  degree,  evaporated, 
the  oomet  would  disappear  for  ever.  Possibly 
oomets  may  have  vanished  from  our  view  sooner 
than  they  would  otherwise  have  don^  from  thi* 
cause. 

In  those  positions  oi  comets  where  only  half  of 
their  enlightened  hemisphere  ought  to  be  seen  if 
they  shine  by  reflected  light,  they  ought  to  exhibit 
phases,  but  even  with  high  magnifying  powers 
none  have  been  detected,  though  some  i^ight  indi- 
cations are  said  to  have  been  once  observed  by 
Hevelius  and  La  Hire  in  1682.  In  general  the 
\ight  of  comets  is  duU, — that  of  the  comet  of  1811 
was  only  equal  to  the  tenth  part  of  the  light  of 
the  full  moon,  but  some  have  been  briUiant  enough. 
to  be  visible  in  full  daylight,  especially  the  comet 
of  1744,  which  was  seen  without  a  telescope  at 
one  o'clock  in  the  afternoon,  while  the  sun  wa& 
shining;  whence  it  may  be  inferred  that,  although 
some  comets  may  be  altogether  diaphanous^  others 
seem  to  possess  a  solid  mass  refembling  a  planet; 
^t  whether  they  shine  by  their  own  or  by  reflected 
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light  has  never  been  satiBfactorily  made  out. till' 
iiow.  As  light  is  polarized  by  reflection  at  cer- 
tain angles,  it  would  aflbrd  a  decisive  test,  were  it 
not  that  a  body  is  capable  of  reflecting  light, 
though  it  shines  by  its  own ;  so  that  it  would  not 
be  conclusive,  even  if  the  light  of  a  comet  were 
polarized  light  M.  Arago,  however,  has  with 
great  ingenuity  discovered  a  method  of  ascertain- 
ing this  point,  independent  both  of  phases  and 
polarization. 

Since  the  rays  of  light  diverge  from  a  luminous 
point,  they  will  be  scattered  over  a  greater  space 
as  the  distance  increases,  so  that  the  intensity  of 
the  light  on  a  screen  two  feet  from  the  object  is 
four  times  less  than  at  the  distance  of  one  foot ; 
three  feet  from  the  object  it  is  nine  times  less,  and 
BO  on,  decreasing  in  intensity  as  the  square  of  the 
distance  increases.  As  a  self-luminous  surface 
consists  of  an  infinite  number  of  luminous  points, 
it  is  clear  that,  the  greater  the  extent  of  surface, 
the  more  intense  will  be  the  light;  whence  it 
may  be  concluded  that  the  illuminating  power  of 
such  a  surface  is  proportional  to  its  extent,  and 
decreases  inversely  as  the  square  of  the  distance. 
Notwithstanding '  this,  a  self-luminous  surface, 
plane  or  curved,  viewed  through  a  hole  in  a  plate 
of  metal,  is  of  the  same  brilliancy  at  all  possible 
distances  aa  lou^  a«  it  subtends  a .  sensible  angle, 
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because,  as  the  distance  increases,  a  greater 
portion  comes  into  view,  and  as  the  augmenta- 
tion of  surface  is  as  the  square  of  the  dia- 
meter of  the  part  seen  through  the  hole,  it  in- 
creases as  the  square  of  the  distance.  Hence, 
though  the  number  of  rays  from'  any  one  point  of 
the  surface  which  pass  through  the  hole  decrease 
inversely  as  the  square  of  the  distance,  yet,  as  the 
extent  of  surface  which  comes  into  view  increases 
also  in  that  ratio,  the  brightness  of  the  object  is 
the  same  to  the  eye  as  long  as  it  has  a  sensible 
diameter.  For  example — Uranus  is  about  nine- 
teen times  farther  from  the  sun  than  we  are,  so 
that  the  sun,  seen  from  that  planet,  must  appear 
like  a  star  with  a  diameter  of  a  hxmdred  seconds, 
and  must  have  the  same  brilliancy  to  the  inhabit- 
ants that  he  would  have  to  us  if  viewed  through 
a  small  circular  hole  having  a  diameter  of  a  hun- 
dred seconds.  For  it  is  obvious  that  light  comes 
from  every  point  of  the  sun's  surface  to  Uranus, 
whereas  a  very  small  portion  of  his  disc  is  visible 
through  the  hole ;  so  that  extent  of  surface  ex- 
actly compensates  distance.  Since,  then,  the  visi- 
bility of  a  self-luminous  object  does  not  depend 
upon  the  angle  it  subtends  as  long  as  it  is  of 
sensible  magnitude,  if  a  comet  shines  by  its  own 
light,  it  should  retain  its  brilliancy  as  long  as  its 
ctiameter  is  of «  sensible  magnitude ;  aiid  vi^k^. 
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after  it  has  lost  an  apparent  diameter,  it  (mght, 
like  the  fixed  stars,  to  be  visible,  and  should  ooljr 
vanish  in  consequence  of  extreme  remotenesi. 
That,  however,  is  far  from  being  the  case — com^ 
gradually  become  dim  as  their  distance  increases, 
and  vanish  merdy  from  loss  of  light,  while  dxf 
still  retain  a  sensible  diameter,  which  is  proved 
by  observations  made  the  evening  before  they 
disappear.  It  may  therefore  be  concluded  that 
comets  shine  by  reflecting  the  sun's  light.  The 
most  brilliant  comets  have  hitherto  ceased  to  be 
insible  when  about  five  times  as  far  from  the  son 
as  we  are.  Most  of  the  comets  that  have  been 
visible  from  the  earth  have  their  perihelia  within 
the  orbit  of  Mars,  because  they  are  invisible  when 
as  distant  as  the  orbit  of  Saturn :  on  that  account 
there  is  not  one  on  record  whose  perihelion  is 
situate  beyond  the  orbit  of  Jupiter.  Indeed,  the 
comet  of  1756,  after  its  last  appearance,  remained 
five  whole  years  within  the  ellipse  described  by 
Saturn  without  being  once  seen.  A  hundred  and 
forty  comets  have  appeared  within  the  earth's 
orbit  during  the  last  century  that  have  not  again 
been  seen.  If  a  thousand  years  be  allowed  as  the 
average  period  of  each,  it  may  be  computed,  by 
the  theory  of  probabilities,  that  the  whole  number 
which  range  within  the  earth's  orbit  must  be 
1400 ;    but  Uranus  \sm^  tX»\A  tsltaAmol 
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more  distant,  there  may  be  no  less  than  11200000 
comets  that  come  within  the  known  eittent  of  our 
system.  M.  Arago  makes  a  different  estimate: 
he  considers  that,  as  thirty  comets  are  known  to 
have  their  iperihelion  distance  within  the  orbit  of 
Meremy,  if  it  be  assumed  that  comets  are  xnd'^ 
formly  distributed  in  space,  tiie  number  having 
their  perihelion  within  the  orbit  of  Uranus  must 
be  to  thirty  as  the  cube  of  the  radius  of  the  orbit 
of  Uranus  to  the  cube  of  the  radius  of  the  orbit  of 
Mercury,  which  makes  the  number  of  cometi 
amount  to  3529470;  but  that  number  may  be 
doubled  if  it  be  considered  that,  in  consequence  of 
day-light,  fogs,  and  great  southern  declination, 
one  comet  out  of  two  is  concealed  from  us.  So^ 
according  to  M.  Arago,  more  than  seven  millions 
of  comets  frequent  the  planetary  orbits. 

SECTION  XXXVI. 

Great  as  the  number  of  comets  appears  to  be,  it 
IB  absolutely  nothing  wl^en  compared  to  the  num* 
ber  of  the  fixed  stars.  About  two  thousand  only 
are  visible  to  the  naked  eye ;  but  when  we  view 
the  heavens  with  a  telescope,  their  number  seems 
to  be  limited  only  by  the  imperfiection  of  the  in* 
strument.  In  one  hour  Sir  William  Herschd  esti«> 
mated  that  &0000  stan  passed  through  the  field 
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of  hifl  telescope,  in  a  zone  of  the  heavens  2°  b 
breadth.  This,  however,  was  elated  as  aii  instance 
of  extraordinary  crowding;  but,  at  au  uvytage, 
the  whole  expanee  of  the  heavens  must  exhibit 
about  a  hundred  millions  of  fixed  stars  that  come 
within  the  reach  of  telescopic  vieion. 

The  stars  are  classed  according  to  their  appa- 
rent brighCncsE,  aud  the  places  of  the  most  remark- 
able of  those  visible  to  the  naked  eye  are  ascer- 
tained with  great  precision,  and  formed  into  a 
catalogue,  not  only  for  the  determiualioii  of  geo- 
graphical position  by  their  occuUatious,  but  to 
serve  as  points  of  reference  for  finding  the  places 
of  comets  and  other  celestial  phenomena.  The 
whole  number  of  stars  registered  amouuts  to 
about  15000  or  20000.  The  distance  of  the 
liifed  stars  is  too  great  to  admit  of  tbeir  exhi- 
hiting  a  sensible  disc ;  but,  in  all  probability,  thcj 
are  spherical,  and  must  certainly  be  so  if  gravita- 
tion jiervndes  all  space,  which  it  maybe  presumed 
to  do,  since  Sir  John  Herschel  has  sbawn  that  it 
extends  to  the  binary  systems  of  stars.  With  t 
fine  telescope  the  stars  appear  like  a  point  of  light, 
their  occullations  by  the  moon  are  therefore  i 
stantaneous ;  their  twinkling  arises  from  suddcs 
changes  in  the  refractive  power  of  the  air,  which 
would  not  be  sensible  if  they  had  discs  like  die 
planets.    Thus  we  caTl\euuaQ^ib.va^q{  the  rela- 
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tive  distances  of  the  stars  from  us  and  from  one 
another  by  their  apparent  diameters ;  but  their  an- 
nual parallax  being  insensible,  shows  that  we  must 
be  one  hundred  millions  of  millions  of  miles  at  least 
from  the  nearest ;  many  of  them,  however,  must 
be  vastly  more  remote,  for  of  two  stars  that  appear 
close  together,  one  may  be  far  beyond  the  other  in 
the  depth  of  space.  The  light  of  Sirius,  according 
to  the  observations  of  Sir  John  Herschel,  is  324 
times  greater  than  that  of  a  star  of  the  sixth  mag- 
nitude ;  if  we  suppose  the  two  to  be  really  of  the 
same  size,  their  distances  from  us  must  be  in  the 
ratio  of  57  *  3  to  1,  because  light  diminishes  as  the 
square  of  the  distance  of  the  luminous  body  in^ 
creases. 

Nothing  is  known  of  the  absolute  magnitude  of 
the  fixed  stars,  but  the  quantity  of  light  emitted  by 
many  of  them  shows  that  they  must  be  much 
larger  than  the  sun.  Dr.  WoUaston  determined 
the  approximate  ratio  that  the  light  of  a  wax 
candle  bears  to  that  of  the  sun,  moon,  and  stars, 
by  comparing  their  respective  images,  reflected 
from  small  glass  globes  filled  with  mercury,  whence 
a  comparison  was  established  between  the  quan- 
tities of  light  emitted  by  the  celestial  bodies  them- 
selves. By  this  method  he  found  that  the  light  of 
the  sun  is  about  twenty  millions  of  millions  of 
times  greater  than  that  of  Sirius^  the.  brightest, 

2c 
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and  Bupposed  to  be  the  nearest  of  the  fixed  starsL 
If  SiriuB  had  a  parallax  of  half  a  second,  its  dis* 
tance  from  the  earth  would  be  525481  times  the 
distance  of  the  sun  from  the  earth ;  and  therrfore 
Sirius,  placed  where  the  sun  is,  woold  appear  to 
us  to  be  3*  7  times  as  large  as  the  sun,  and  would 
give  13*8  times  more  light :  but  many  of  the  fixed 
stars  must  be  infinitely  larger  than  Sinus. 

Many  stars  have  vanished  from  the  heavens; 
the  star  42  Virginis  seems  to  be  of  this  number^ 
having  been  missed  by  Sir  John  Herschel  on  the 
9th  of  May,  1828,  and  not  again  found,  though 
he  frequently  had  occasion  to  observe  that  part  of 
the  heavens.  Sometimes  stars  have  all  at  once 
appeared,  shone  with  a  bright  light,  and  vanished. 
Several  instances  of  these  temporary  stars  are  on 
record;  a  remarkable  instance  occurred  in  the 
year  125,  which  is  said  to  have  induced  Hip- 
parchus  to  form  the  first  catalogue  of  stars.  An- 
other star  appeared  suddenly  near  a  Aquilee  in 
the  year  389,  which  vanished  after  remaining  for 
three  weeks  as  bright  as  Venus.  On  the  10th  of 
October,  1604,  a  brilliant  star  burst  forth  in  the 
constellation  of  Serpentarius,  which  continued 
visible  for  a  year ;  and  a  more  recent  case  occurred 
in  the  year  1670,  when  a  new  star  was  discovered 
in  the  head  of  the  Swan,  which,  after  becoming 
invisible,  reappeared,  and  after  many  yariati^ms 
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in  light  vanished  after  two  years,  and  has  never 
BiBce  been  seen.      In  1512,  a  star  was  disco- 
vered in  Cassiopeia,  which  rapidly  increased  in 
brightness  till  it  even  surpassed  that  of  Jupiter ; 
it  then  gradually  diminished  in  splendour,   and 
after  exhibiting  all  the  variety  of  tints  that  indi- 
cates the  changes  of  combustion,  vanished  sixteem 
months  after  its  discovery   without  altering  itfr 
position.     It  is  impossible  to  imagine  anything- 
more  tremendous  than  a  conflagration  that  could 
be  visible  at  such  a  distance.     It  is  however  sus- 
pected that  this  star  may  be  periodical  and  identi- 
cal with  the  stars  which  appeared  in  the  years  945 
and  1264.    There  are  probably  many  stars  which 
alternately  vanish  and  reappear  among  the   in- 
numerable multitudes  that  spangle  the  heavens, 
the  periods  of  thirteen  have  already  been]  pretty 
well  ascertained.    Of  these  the  most  remarkaHe 
is  the  star  Omicron  in  the  constellation  Cetus.     If 
appears  about  twelve  times  in  eleven  years,  and 
is  of  variable  brightness,  sometimes   appearing 
like  a  star  of  the  second  magnitude ;  but  it  neither 
always  arrives  at  the  same  lustre,  nor  does  it  in- 
crease or  diminish  by  the  same  degrees.     Accord- 
ing to  Hevelius,  it  did  not  appear  at  all  for  four 
years.      7  Hydrse   also  vanishes  and  reappears 
every  494  days,  and  a  very  singular  instance  of 
periodicity  is  given  by  Sir  John  Herschel  in  the 

2c2 


388  CONNEXION  OF  THE 

star  Algol  or  (i  Persei,  which  is  described  as  re- 
taining the  size  of  a  star  of  the  second  magnitude 
for  two  days  and  fourteen  seconds :  it  then  sud- 
dcnly  begins  to  diminish  in  splendour,  and  in 
about  three  hours  and  a  half  is  reduced  to  the 
size  of  a  star  of  the  fourth  magnitude :  it  theti 
begins  airain  to  increase,  and  in  three  hours  and 
a  half  more  regains  its  usual  brightness,  go- 
ing through  all  these  vicissitudes  in  two  dkys, 
twenty  hours,  and  forty-eight  minutes.  The 
cause  of  the  variations  in  most  of  the  periodical 
stars  is  unknown,  but,  from  the  changes  of  Algol, 
M.  Goodricke  has  conjectured  that  they  may  be 
occasioned  by  the  revolution  of  some  opaque 
body,  coming  between  us  and  the  star,  obstructing 
part  of  its  light.  Sir  John  Herschel  is  struck 
with  the  high  d^ee  of  activity  evinced  by 
these  changes  in  regions  where,  *  but  for  such 
evidences,  we  might  conclude  all  to  be  lifeless.' 
He  observes  that  our  own  sun  requires  nine  tiiiies 
the  period  of  Algol  to  perform  a  revolution  on  its 
own  axis ;  while,  on  the  other  hand,  the  periodic 
time  of  an  opaque  revolving  body  suflficiently  large 
to  produce  a  similar  temporary  obscuration  of  the 
sun,  seen  from  a  fixed  star,  would  be  less  than 
fourteen  hours. 

Many  thousands  of  stars  that  seem  to  be  only 
brilliant  point.s,^\i^iLC&tefuUy  examined  are  found 
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to  be  in  reality  systems  of  two  or  more  suns,  some 
revolving  about  a  common  centre.  These  binary 
and  multiple  stars  are  extremely  remote,  requiring 
the  most  powerful  telescopes  to  show  them  sepa- 
rately. The  first  catalogue  of  double  stars,  in 
which  their  places  and  relative  positions  are  deter- 
mined, was  accomplished  by  the  talents  and  indus- 
try of  Sir  William  Herschel,  to  whom  astronomy 
is  indebted  for  so  many  brilliant  discoveries,  and 
with  whom  the  idea  of  their  combination  in  binary 
and  multiple  systems  originated  —  an  idea  com- 
pletely established  by  his  own  observations,  re- 
cently confirmed  by  those  of  his  son.  The  mo- 
tions of  revolution  of  many  round  a  common  centre 
have  been  ascertained,  and  their  periods  deter- 
mined with  considerable  accuracy.  Some  have, 
since  their  first  discovery,  already  accomplished 
nearly  a  whole  revolution,  and  one,  »/  Coronse,  is 
actually  considerably  advanced  in  its  second  period. 
These  interesting  systems  thus  present  a  species 
of  sidereal  chronometer,  by  whicli  the  chronology 
of  the  heavens  will  be  marked  out  to  future  ages 
by  epochs  of  their  own,  liable  to  no  fluctuations 
from  planetary  disturbances,  such  as  obtain  in  our 
system. 

In  observing  the  relative  position  of  the  xstars 
of  a  binary  system,  the  distance  between  them, 
ajid  also  the  angle  of  position,  that  is,  the  angle 
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which  the  meridian  or  a  parallel  to  the  equator 
makes  with  th6  line  joining  the  two  stars  are 
measured.  The  accuracy  of  each  result  depends 
upon  taking  the  mean  of  a  great  number  of  the 
best  observations,  and  eliminating  error  by  mu- 
tual comparison.  The  distances  between  the 
stars  are  so  minute  that  they  cannot  be  mea- 
sured with  the  same  accuracy  as  the  angles  of 
position;  therefore,  to  determine  the  orbit  of  a 
star  independently  of  the  distance,  it  is  necessary 
to  assume,  as  the  most  probable  hypothesis,  that 
the  stars  are  subject  to  the  law  of  gravitation^  and 
consequently,  that  one  of  the  two  stars  revolves  in 
an  ellipse  about  the  other,  supposed  to  be  at  rest, 
though  not  necessarily  in  the  focus.  A  curve  is 
thus  constructed  graphically  by  means  of  the 
angles  of  position  and  the  corresponding  times  of 
observation.  The  angular  velocities  of  the  stars 
are  obtained  by  drawing  tangents  to  this  curve  at 
stated  intervals,  whence  the  apparent  distances,  or 
radii  vectores,  of  the  revolving  star  become  known 
for  each  angle  of  position ;  because,  by  the  laws 
of  elliptical  motion,  they  are  equal  to  the  square 
roots  of  the  apparent  angular  velocities.  Now 
that  the  angles  of  position  estimated  from  a  given 
line,  and  the  corresponding  distances  of  the  two 
stars,  are  known,  another  curve  may  be  drawn, 
which  will  lepieBeivt  on  paper  the  actual  orbit  of 
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the  star  projected  on  the  visible  surface  of  the 
heavens ;  so  that  the  elliptical  elements  of  the  true 
orbit  and  its  position  in  space  may  be  determined 
by  a  combined  system  of  measurements  and  com- 
pntation.  But  as  this  orbit  has  been  obtained 
•n  the  hypothesis  that  gravitation  prevails  in  these 
distant  regions,  which  could  not  be  known  dpnbrt, 
it  must  be  compared  with  as  many  observations  as 
ean  be  obtained,  to  ascertain  how  far  the  computed 
ellipse  agrees  with  the  curve  actually  described  by 
the  star. 

By  this  process  Sir  John  Herschel  has  disco- 
vered that  several  of  these  systems  of  stars  are 
subject  to  the  same  laws  of  motion  with  our  system 
of  planets :  he  has  determined  the  elements  of  their 
elliptical  otbits,  and  computed  the  periods  of  their 
revolution.  One  of  the  stars  of  y  Virginis  revolve© 
about  the  other  in  629  years ;  the  periodic  time  of 
^  Coronse  is  281  years ;  that  of  Castor  i*  253 
years;  that  of  €  Bootes  is  1600;  that  of  70  Ophkiei 
is  ascertained  by  M.  Savary  to  be  80  years ;  and 
Professor  Encke  has  shown  that  the  revolution  of 
i  Ursfle  is  completed  in  58  years.  The  two  first 
of  these  stars  are  approaching  their  perihelia, — 
y  Virginis  will  arrive  at  it  on  the  18th  of  August, 
1834,  and  Castor  some  time  in  1855.  The  actual 
proximity  of  the  two  component  stars  in  each  ease 
w^l  thaEi  be  extreme,  and  the  apparent  an^golax 
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velocity  so  great,  that,  in  the  case,  of  .y  Vurginis^ 
in  angle  of  68^  may  he  descrihed  in  a  single  yeiuu 
tfCoroncewillalso  attain  its  perihelion  ahout  1835* 
Sir  John  Herschel,  Sir  James  South,  and  Professor 
Siruve  of  Dorpat,  have  increased  Sir  William 
Herschel's  original  catalogue  to  more  than  3000, 
of  which  thirty  or  forty  are  known  to  form  xe* 
volving  or  hinary  systems,  and  Mr.  Dimlop  has 
formed  a  catalogue  of  253  douhle  stajrain  the 
touthem  hemisphere.  The  motion  of  Mercury  is 
more  rapid  than  that  of  any  other  planet,  heing  at 
the  rate  of  107000  miles  in  an  hour;  the  perihe- 
lion velocity  of  the  comet  of  1680  was  no  less 
than  880000  miles  an  hour;  but  if  the  two 
stars  of  {  Ursse  be  as  remote  from  one  another 
as  the  nearest  fixed  star  is  from  the  sun,  the 
velocity  of  the  revolving  stars  must  exceed  imagi- 
nation. The  discovery  of  the  elliptical  motion 
of  the  double  stars  excites  the  highest  interest, 
since  it  shows  that  gravitation  is  not  peculiar  tp 
our  system  of  planets,  but  that  systems  of  suns  in 
the  far  distant  r^ions  of  the  universe  are  also 
obedient  to  its  laws. 

Possibly,  among  the  multitudes  of  small  stars, 
whether  double  or  insulated,  some  may  be  found 
near  enough  to  exhibit  distinct  parallactic  motions, 
arising  from  the  revolution  of  the  earth  in  its 
orbit.     Of  two  stars  apparently  in  close  approxir 
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motion,  one  may  be  far  behind  the  other  in  space. 
These  may  seem  near  to  one  another  when  viewed 
from  the  earth  in  one-  part  of-  its  orbit,  but  may 
separate  widely  when  seen  from  the  earth  in  an* 
other  position,  just  as  two  terrestrial  objects  appear 
to  be  one  when  viewed  in  the  same  stra%ht  line, 
but  separate  as  the  observer  changes  his  position. 
In  this  case  the  stars  would  not  have  real,  but 
only  apparent  motion.  One  of  them  would  seem 
to  oscillate  annually  to  and  fro  in  a  straight  line 
on  each  side  of  the  other — a  motion  which  could 
not  be  mistaken  for  that  of  a  binary  system,  where 
one  star  describes  an  ellipse  about  the-  other. 
Such  parallax  does  not  yet  appear  to  have  been 
made  out,  so  that  the  actual  distance  of  the  stars 
is  still  a  matter  of  conjecture. 

The  double  stars  are  of  various  hues,  but 
most  frequently  exhibit  the  contrasted  colours. 
The  lai^e  star  is  generally  yellow,  orange,  or  red; 
and  the  smal^  star  blue,  purple^  or  green.  Some- 
times a  white  star  is  combined  with  a  blue  or 
purple,  and  more  rarely  a  red  and  white  are  united. 
In  many  cases,  these  appearances  are  due  to  the 
in&ences  of  contrast  on  our  judgment  of  colours. 
For  example,  in  observing  a  double  star,  where  the 
large  one  is  a  full  ruby-red  or  almost  blood-colour, 
and  the  small  one  a  fine  green,  the  latter  loses  its 
colour  when  the  former,  is  hid  by  the  oross  wires 
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of  the  telescope.  But  there  are  a  Tist  nninber  of 
imtances  i^'here  the  coh)UTs  are  too  strongly 
Biarked  to  be  merely  imaginary.  Sir  John  Her- 
Bchel  observes  in  one  of  his  papers  in  the  Philo- 
■ophical  Transactions,  as  a  very  remarkable  fad, 
that,  although  red  stars  are  common  enough,  no 
example  of  an  insulated  blue,  green,  or  purple  one 
has  yet  been  produced. 

Besides  the  revolutions  about  one  another,  some 
of  the  binary  systems  are  carried  forward  in  space 
by  a  motion  common  to  both  stars,  towards  some 
unknown  point  in  the  firmament.  The  two  stars 
of  61  Cygni,  which  are  nearly  equal,  and  have 
remained  at  the  distance  of  about  15'^  from  eadi 
other  for  fifty  years,  have  changed  their  place  in 
the  heavens  during  that  period,  by  a  motion  which 
for  ages  must  appear  uniform  and  rectilinear: 
because,  even  if  the  path  be  curved,  so  small  a 
portion  of  it  must  be  sensibly  a  straight  line  to  us. 
Multitudes  of  the  single  stars  also  have  proper 
motions,  yet  so  minute  that  that  of  /jl  Cassiopeise, 
which  is  only  3"  •  14  annually,  is  the  greatest  yet 
observed ;  but  the  enormous  distances  of  the  stars 
make  motions  appear  small  to  us  which  are  in 
teality  very  great.  Sir  William  Herschel  conceived 
that,  among  many  irregularities,  the  motions  of 
the  stars  have  a  general  tendency  towards  a  point 
diametrically  opposite  to  that  occupied  by  the  star 
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(  Hercnlis,  wliich  he  attributed  to  a  motion  of 
the  solar  system  in  the  contrary  direction.  Should 
this  really  be  the  case,  the  stars,  from  the  effects 
of  perspective  alone,  would  seem  to  diverge  in  the 
direction  to  which  we  are  tending,  and  would  ap- 
parently converge  in  the  space  we  leave,  and  there 
would  be  a  regularity  in  these  apparent  motions 
which  would  in  time  be  detected ;  but  if  the  solar 
system  and  the  whole  of  the  stars  visible  to  us  be 
carried  forward  in  space  by  a  motion ,  common  to 
all,  like  ships  drifting  in  a  current,  it  would  be 
impossible  for  us,  who  move  with  the  rest,  to 
ascertain  its  direction.  There  can  be  no  doubt  of 
the  progressive  motion  of  the  sun  and  many  of 
the  stars,  but  sidereal  astronomy  is  not  far  enough 
advanced  to  determine  what  relations  these  bear 
to  one  another. 

The  stars  are  scattered  very  irregularly  over  the 
firmament.  In  some  places  they  are  crowded  to- 
gether, in  others  thinly  dispersed.  A  few  groups 
more  closely  condensed  form  very  beautiful  objects 
even  to  the  naked  eye,  of  which  the  Pleiades  and 
the  constellation  Coma  Berenices  are  the  most 
striking  examples;  but  the  greater  number  of 
these  clusters  of  stars  appear  to  unassisted  vision 
like  thin  white  clouds  or  vapours :  such  is  the 
milky  way,  which,  as  Sir  William  Herschel  has 
proved,  derives  its  bri^htne^  from  the  dif^ised 
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light  of  the  myriads  of  stars  that  fonn  it.  Most 
of  -them  are  extremely  small  on  account  of  their 
enormous  distances,  and  they  are  so  numerous 
that,  according  to  his  estimation,  no  fewer  than 
50000  passed  through  the  field  of  his  telescope  in 
the  course  of  one  hour  in  a  zone  2^  hroad.  This 
singular  portion  of  the  heavens,  constituting  part 
of  our  firmament,  consists  of  an  extensive  stratum 
of  stars,  whose  thickness  is  small  compared  with 
its  length  and  hreadth ;  the  earth  is  placed  about 
midway  between  its  two  surfaces,  near  the  point 
where  it  diverges  into  two  branches.  Many  clus- 
ters of  stars  appear  like  white  clouds  or  round 
comets  without  tails,  either  to  unassisted  vision 
or  with  ordinary  telescopes;  but  with  powerful 
instruments  Sir  John  Herschel  describes  them  as 
conveying  the  idea  of  a  globular  space  filled  full 
of  stars  insulated  in  the  heavens,  and  constituting 
a  family  or  society  apart  from  the  rest,  subject 
only  to  its  own  internal  laws.  To  attempt  to 
count  the  stars  in  one  of  these  globular  clusters, 
he  says,  would  be  a  vain  task, — that  they  are  not 
to  be  reckoned  by  hundreds, — and,  on.  a  rough 
computation,  it  appears  that  many  clusters  of  this 
description  must  contain  ten  or  twenty  thousand 
stars  compacted  and  wedged  together  in  a  round 
space  whose  area  is  not  more  than  a  tenth  part  of 
that  covered  by  the  moon;    so  that  its   centre, 
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"where  the  stars  are  seen  projected  on  each  otherj 
is  one  hlaze  of  light.  If  each  of  these  stars  be  a 
sun,  and  if  they  be  separated  by  intervals  equal  to 
that  which  separates  our  sun  from  the  nearest 
fixed  star,  the  distance  which  renders  the  whole 
cluster  barely  visible  to  the  naked  eye  must  be  so 
great,  that  the  existence  of  this  splendid  assem- 
blage can  only  be  known  to  us  by  light  which 
must  have  left  it  at  least  a  thousand  years  ago. 
Occasionally  these  clusters  are  so  irregular  and  so 
undefined  in  their  outline  as  merely  to  suggest  the 
idea  of  a  richer  part  of  the  heavens.  They  con- 
tain fewer  stars  than  the  globular  clusters,  and 
sometimes  a  red  star  forms  a  conspicuous  object 
among  them.  These  Sir  William  Herschel  re- 
garded as  the  rudiments  of  globular  clusters  in  a 
liess  advanced  state  of  condensation,  but  tending  to 
that  form  by  their  mutual  attraction. 

Multitudes  of  nebulous  spots  are  to  be  seen  on 
the  clear  vault  of  heaven  which  have  every  ap- 
pearance of  being  clusters  like  those  described, 
but  are  too  distant  to  be  resolved  into  stars  by  the 
most  excellent  telescopes.  This  nebulous  matter 
exists  in  vast  abundance  in  space.  No  fewer  than 
2000  nebulae  and  clusters  of  stars  were-  observed 
by  Sir  William  Herschel,  whose  places  have  beea 
computed  from  his  observations,  reduced  to  a  com- 
mon  epoch,  and  arranged  into  a  catalogue  in  order 
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of  right  aacension  by  hit  Bister,  Miss  CaroliBe  Her- 
■chely  a  lady  so  juatly  eminent  for  astronomical 
knowledge  and  diaoovery.  Six  or  seren  hondied 
nebulse  haye  already  been  ascertained  in  the  south- 
em  hemisphere;  of  these  the  magellanic  cloads 
are  the  most  remarkable.  The  nature  and  use  of 
thia  matter,  scattered  over  the  heavens  in  such  a  va- 
riety of  forms,  is  involved  in  the  greatest  obscurity. 
That  it  is  a  self-lmninous,  phosphorescent,  material 
substance,  in  a  highly  dilated  or  gaseous  state,  but 
gradually  subsiding  by  the  mutual  gravitation  of 
its  particles  into  stars  and  sidereal  systems,  is 
the  hypothesis  which  seems  to  be  most  generally 
received;  but  the  only  way  that  any  real  know- 
ledge on  this  mysterious  subject  can  be  obtained 
is  by  the  determination  of  the  form,  place,  and 
present  state  of  each  individual  nebula;  and  a 
comparison  of  these  with  future  observations  will 
show  generations  to  come  the  changes  that  may 
now  be  going  on  in  these  supposed  rudiments 
of  future  systems.  With  this  view.  Sir  John 
Herschel  began  in  the  year  1825  the  arduous  and 
pious  task  of  revising  his  illustrious  father's  ob- 
servations, which  he  finished  a  short  time  before 
he  sailed  for  the  Cape  of  Good  Hope,  in  order  to 
disclose  the  mysteries  of  the  southern  hemispheie, 
because  he  considers  our  firmament  to  be  ex- 
hausted till  farther  improvements  in  the  telescope 
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sliall  enable  astronomers  to  penetrate  deeper  intd 
space.  In  a  truly  splendid  paper  read  before  the 
Royal  Society  on  the  21st  of  November,  1833,  he 
gives  the  places  of  2500  nebulae  and  clusters  of 
stars. '  Of  these,  500  are  new, — the  rest  he  men- 
tions with  peculiar  pleasure  as  having  been  most 
accurately  determined  by  his  father.  This  work  id 
the  more  extraordinary,  as,  from  bad  weather,  fogs^ 
twilight,  and  moonlight,  these  shadowy  appearance* 
are  not  visible,  at  an  average,  above  thirty  nights 
in  the  year. 

The  nebulae  have  a  great  variety  of  forms.  Vast 
multitudes  are  so  faint  as  to  be  with  difficulty 
discerned  at  all  till  they  have  been  for  some  time 
in  the  field  of  the  telescope,  or  are  just  about  ta 
quit  it.  Many  present  a  large  ill-defined  surface, 
in  which  it  is  difficult  to  say  where  the  centre  of 
the  greatest  brightness  is.  Some  cling  to  stars 
like  wisps  of  cloud ;  others  exhibit  the  wonderful 
appearance  of  an  enormous  flat  ring  seen  very 
obliquely,  with  a  lenticular  vacancy  in  the  centre. 
A  very  remarkable  instance  of  an  annular  nebula 
is  to  be  seen  exactly  half-way  between  /3  and 
y  Lyrae.  It  is  elliptical  in  the  ratio  of  4  to  5, 
is  sharply  defined,  the  internal  opening  occu- 
pying about  half  the  diameter.  This  opening 
is  not  entirely  dark,  but  filled  up  with  a  faint 
hazy  light,  aptly  compared  by  Sir  John  Her* 


400  CONNEXION  OF  THK 

schd  to  fine  gauze  stretched  oyer  a  hoop«  Two 
are  described  as  most  amazing  objects:  —  one 
like  a  dmnb-bell  or  hour-glass  of  bright  mat^, 
surrounded  by  a  thin  hazy  atmosphere,  so  as  to 
give  the  whole  an  oval  form^  or  the  appearance  of 
an  oblate  spheroid.  This  phenomenon  bears  no 
resemblance  to  any  known  object.  The  other  con-^ 
siats  of  a  bright  round  nucleus,  surrounded  at  tk 
distance  by  a  nebulous  ring  split  through  half  its 
circumference,  and  having  the  split  portion3.8ep«r^ 
rated  at  an  angle  of  45°  each  to  the  plane  of  the 
other.  This  nebula  bears  a  strong  similitude  to 
the  milky  way,  and  suggested  to  Sir  John  Herschel 
the  idea  of  ^  a  brother  system  bearing  a  real  phy«- 
sical  resemblance  and  strong  analogy  of  structure 
to  our  own.'  It  appears  that  double  nebulae  are 
not  unfrequent,  exhibiting  all  the  varieties  of  dis- 
tance, position,  and  relative  brightness  with  their 
counterparts  the  double  stars.  The  rarity  of  single 
nebulffi  as  large,  faint,  and  as  little  condensed  in 
the  centre  as  these,  makes  it  extremely  improbable 
that  two  such  bodies  should  be  accidentally  so 
near  as  to  touch,  and  often  in  part  to  overlap  each 
other  as  these  do.  It  is  much  more  likely  that 
they  constitute  systems ;  and  if  so,  it  will  form  an 
interesting  subject  of  future  inquiry  to  discover 
whether  they  possess  orbitual  motion  round  one 
another* 
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Stellar  nebuloe  form  another  class.  These  have 
a  round  or  oval  shape,  increasing  in  density  to- 
wards the  centre.  Sometimes  the  matter  is  so 
rapidly  condensed  as  to  give  the  whole  the  appear- 
ance of  a.  star  with  a  blur,  or  like  a  candle  shining 
through  horn.  In  some  instances  the  central 
matter  is  so. highly  and  suddenly  condensed,  so 
vivid  and  sharply  defined,  that  the  nebula  might 
be  taken  for  a  bright  star  surrounded  by  a  thin 
atmosphere.  Such  are.  nebulous  stars.  The  zo- 
diacal light,  or  lenticular-shaped  atmosphere  of 
the  sun,  which  may  be  seen  extending  beyond  the 
orbits  of  Mercury  and  Venus  soon  after  sunset  in 
the  months  of  April  and  May,  is  supposed  to  be  a 
condensation  of  the  ethereal  medium  by  his  at- 
tractive force,  and  seems  to  place  our  sun  among 
the  class  of  stellar  nebulae.  The  stellar  nebulae 
and  nebulous  stars  assume  all  degrees  of  ellipti- 
cily.  Not  unfrequently  they  are  long  and  narrow, 
like  a  spindle-shaped  ray,  with  a  bright  nucleus 
in  the  centre.  The  last  class  are  the .  planetary 
nebulae.  These  bodies  have  exactly  the  appear- 
ance of  planets,  with  sensibly  round  or  oval  discs, 
sometimes  sharply  terminated,  at  other  times  hazy 
and  ill  defined.  Their  surface,  which  is  blue  or 
bluish-white,  is  equable  or  slightly  mottled,  and 
their  light  occasionally  rivals  that  of  the  planets 
in  vividness. .  They  are.  generally  attended  b^  \sqx- 
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nate  stars  which  giye  the  idea  of  accdrnpaaying 
satellites.  These  nebulse  are  of  enormous  dimen* 
prions.  One  of  them,  near  v  Aqvuurii,  has  a.  sen* 
flible  diameter  of  about  20^',  and  another  preseate 
a  diameter  of  12".  Sir  John  Herschel  has  com- 
puted that,  if  these  objects  be  as  iar  from.  \m  as 
the  stars,  their  real  magnitude  must,  even  oo  tile 
lowest  estimation,  be  such  as  would  fiM  tho>  orbit 
of  Uranus.  He  concludes  that,  if  they  be  solid 
bodies  of  a  solar  nature,  their  intrinsic  spleadmur 
must  be  greatly  inOerior  to  that  of  the  sun,,  becaxse 
a  circular  portion  of  the  sun's  disc,  siibteni^ng  tm 
-angle  of  20'',  would  give  a  light  equal  to  thafc  of 
4t  hundred  full  moons,  while,  on  the  contiaiy,  the 
objects  in  question  are  hardly,  if  at  all,  visible  to 
the  naked  eye.  From  the  uniformity  of  the  discs 
of  the  planetary  nebulse,  and  their  want  o£  appsr 
rent  condensation^  he  presumes  that  th^  may  he 
hollow  shells,  only  emitting  light  from  their  sur- 
faces. 

The  existence  of  every  degree  of  ellipticily  in 
the'nebulee — from  long  lenticular  rays  to  the  ei* 
act'circular  form, — and  of  every  sluule.  of  central 
condensation — from  the  slightest  increase  of  den- 
sity to  apparently  a  solid  nucleus, — may  be  ac* 
counted  for  by  supposing  the  general  eonstitutioa 
of  these  nebulae  to  be  that  of  oblate  spheroidal 
masses  of  ever^  de^^Efi^  a€  flatness^  from  the  sphere 
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t*  the  disc,  and  of  every  variety  in  their  density 
and  dlipticity  towards  the  centre.     It  would  he 
erroneom  however  to  imagine,  that  the  forms  of 
these  systems  are  maintained  by  forces  identical 
with  those  already  described,  which  determine  the 
form;  of  a  fluid  mass  in  rotation;  because,  if  tiie 
nebulae  be  only  clusters  of  separate  stars,  as  in  the 
greater  number  of  cases  there  is  every  reason  to 
believe  them  to  be,  no  pressure  can  be  propagated 
through  them.     Consequently,  since  no  general 
TOtation  of  such  a  system  as  one  mass  can  be  sup» 
posed,  it  may  be  conceived  to  be  a  quiescent  form, 
comprising  within  its  limits  an  inde&iite  multi- 
tude of  stG^rs,  each  of  which  may  be  moving  in<  an 
orbit  about  the  common  centre  of  the  whole,  in 
TOtue  of  a  law  of  internal  gravitation  resulting 
from  the  compound  gravitation  of  all  its  parts. 
Sir  John  Herschel  has  proved  that  the  existence 
of  suoIl  a  system  is  not  inconsistent  with  the  law 
of  gravitation  under  certain  conditions. 

The  distribution  of  the  nebulee  over  the  heavens 
18  even  more  irregular  than  that  of  the  stars.  Iti 
some  places  they  are  so  crowds  together  as 
scarcely  to  allow  one  to  pass  through  the  field  of 
the  telescope  before  another  appears,  while  in 
other  ports  hours  elapse  without  a  single  nebula 
occurring  in  the  zone  under  observation.  They 
•re  in  general  only  to  be  seen  with  the  vcrj  \«»*. 
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telescopes,  and  are  most  abundant  in  a  zone  whose 
general  direction  is  not  fai  from  the  hour  circles 
0^  and  12^,  and  which  crosses  the  milky  way 
nearly  at  right  angles.  Where  that  zone  crosses 
the  constellations  Virgo,  Coma  Berenices,  and  the 
Ghreat  Bear,  they  are  to  be  found  in  multitudes^ 

Such  is  a  brief  account  of  the  discoveries  con- 
tained in  Sir  John  Herschel's  paper,  which,  for 
sublimity  of  views  and  patient  investigation,  hag 
not  been  surpassed  in  any  age  or  country.  T» 
him  and  -to  Sir  William  Herschel  is  due  almost  all 
that  is  known  of  sidereal  astronomy;  and  in  the 
inimitable  works  of  that  highly-gifted  father  and 
son,  the  reader  will  find  this  subject  treated  of  in 
a  style  altogether  worthy  of  it,  and  of  them. 

So  numerous  are  the  objects  which  meet  our 
view  in  the  heavens,  that  we  cannot  imagine  a 
part  of  space  where  some  light  would  not  strike 
the  eye ; — innumerable  stars,  thousands  of  double 
and  multiple  systems,  clusters  in  one  blaze  with 
their  tens  of  thousands  of  stars,  and  the  nebulae 
amazing  us  by  the  strangeness  of  their  forms  and 
the  incomprehensibility  of  their  nature,  till  at  last^ 
from  the  imperfection  of  our  senses,  even  these 
thin  and  airy  phantoms  vanish  in  the  distance. 
If  such  remote  bodies  shine  by  reflected  light,  we 
should  be  unconscious  of  their  existence;  each 
star  must,  then  be  a  sun,  and  may  be  presumed 
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ta  Lave  its  system  of  planets,  satellites,  and  co- 
mets, like  our  own;  and,  for  aught  we  know, 
myriads  of  bodies  may  be  wandering  in  space  un- 
seen by  us,  of  whose  nature  we  can  form  no  idea, 
and  still  less  of  the  part  they  perform  in  the  eco- 
nomy of  the  universe ;  nor  is  this  an  unwarranted 
presumption;  many  such  do  come  within  the 
sphere  of  the  earth's  attraction,  are  ignited  by  the 
velocity  with  which  they  pass  through  the  atmo- 
sphere, and  are  precipitated  with  great  violence 
on  the  earth.  The  fall  of  meteoric  stones  is  much 
more  frequent  than  is  generally  believed ;  hardly 
a  year  passes  without  some  instances  occurring, 
and  if  it  be  considered  that  only  a  small  part  of 
the  earth,  is  inhabited,  it  may  be  presumed  that 
numbers  fall  in  the  ocean  or  on  the  uninhabited 
part  of  the  land,  unseen  by  man.  They  are  some- 
times of  great  magnitude ;  the  volume  of  several 
has  exceeded  that  of  the  planet  Ceres,  which  is 
about  70  miles  in  diameter.  One  which  passe4 
within  25  miles  of  us  was  estimated  to  weigh  about 
600000  tons,  and  to  move  with  a  velocity  of 
about  20  miles  in  a  second, — a  fragment  of  it 
alone  reached  the  earth.  The  obliquity  of  the 
descent  of  meteorites,  the  peculiar  substances  they 
are  composed  of,  and  the  explosion  accompa- 
nying their  fall,  show  that  they  are  foreign  to 
our    system.      Luminous   spots,    altogether   in- 
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dependent  of  tlie  phases,  have  occasionally  ap- 
peared on  the  dark  part  of  l^e  moon;  these 
liave  been  ascribed  to  the  light  arising  fixmi  the 
eruption  of  volcanos ;  whence  it  has  been  sup- 
posed that  meteorites  have  been  projected  irom 
the  moon  by  the  impetus  ai  volcanic  eraptio&. 
It  has  even  been  computed  that,  if  a  stone  went 
pfrejected  from  the  moon  in  a  vertical  line,  with 
an  initial  velocity  of  10992  feet  in  a  sec^Eid, — 
more  than  four  times  the  vdocity  of  a  ball  when 
first  discharged  from  a  cannon, — instead  of  iiallii^ 
back  to  the  moon  by  the  attraction  of  gravity^  it 
would  come  within  the  sphere  of  the  earth's 
attraction,  and  revolve  about  it  like  a  satellite. 
These  bodies,  impelled  either  by  the  direction  of 
the  primitive  impulse,  or  by  the  di6tuii)ing  action 
of  the  sun,  might  ultimatdy  penetrate  the  earth's 
atmosphere,  and  arrive  at  its  surface.  But  frcna 
whatever  source  meteoric  stones  may  come,  k 
eeems  highly  probable  that  they  have  a  conomon 
origin,  from  the  uniformity — we  may  almost  say 
identity — of  their  chwnical  composition. 
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SECTION   XXXVII. 

The  known  quantity  of  matter  bears  a  very  small 
proportion  to  the  immensity  of  space.  Large  as 
tJie  bodies  are,  tJie  distances  which  separate  them 
are  immeasurably  greater ;  but  as  design  is  mani- 
fest in  every  part  of  creation,  it  is  probable  that, 
if  the  various  systems  in  the  universe  had  been 
nearer  to  one  another,  their  mutual  disturbances 
would  have  been  inconsistent  with  the  harmony 
and  stability  of  the  whole.  It  is  clear  that  space 
is  not  pervaded  by  atmospheric  air,  since  its 
lesistAnce  would,  long  ere  this,  have  destroyed 
the  velocity  of  the  planets ;  neither  can  we  affirm 
it  to  be  a  void,  since  it  is  replete  with  ether,  and 
traversed  in  all  directions  by  light,  heat,  gravita- 
tion, and  possibly  by  influences  whereof  we  can 
form  no  idea. 

Whatever  the  laws  may  be  that  obtain  in  the 
more  distant  regions  of  creation,  we  are  assiu*ed  that 
one  alone  regulates  the  motions  not  only  of  our  own 
system, but  also  the  binary  systems  of  the  fixed  stars; 
and  as  general  laws  form  the  ultimate  object  of  phi- 
losophical research,  we  cannot  conclude  these  re- 
marks without  considering  the  nature  of  gravitation 
— that  extraordinary  power  whose  effects  we  have 
been  endeavouring  to  trace  through  some  of  their 
mazes.     It  was  at  one  time  imsi^TiaiL  \JNa.\.  ^^ 
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acceleration  in  the  moon's  mean  motion  was  occa- 
sioned by  the  successive  transmission  of  the  gnt* 
▼itating  force ;  but  it  has  been  proved  that,  in 
order  to  produce  this  effect,  its  velocity  must.bff 
about  fifty  millions  of  times  greater  than  that  of 
light,  which  flies  at  the  rate  of  200000  miles  in  a 
aecond :  its  action,  even  at  the  distance  of  the 
sun,  may  therefore  be  regarded  as  instantaneous^ 
yet  so  remote  are  the  nearest  of  the  fixed .  stafs^ 
that  it  may  be  doubted  whether  the  sun  has  any 
sensible  influence  on  them. 

The  curves  in  which  the  celestial  bodies  move 
by  the  force  of  gravitation  are  only  lines  of  the 
second  order ;  the  attraction  of  spheroids,  accord- 
ing to  any  other  law  of  force  than  that  of  gravi- 
tation, would  be  much  more  complicated;  and 
as  it  is  easy  to  prove  that  matter  might  have 
been  moved  according  to  an  infinite  variety  of 
laws,  it  may  be  concluded  that  gravitation  must 
have  been  selected  by  Divine  Wisdom  out  of  an 
infinity  of  others,  as  being  the  most  simple,  and 
that  which  gives  the  greatest  stability  to  the  celes- 
tial motions. 

It  is  a  singular  result  of  the  simplicity  of  the 
laws  of  nature,  which  admit  only  of  the  observa- 
tion and  comparison  of  ratios,  that  the  gravitation 
and  theory  of  the  motions  of  the  celestial  bodies 
are  independeut  ol  llv^ix  absolute  magnitudes  and 
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distances ;  consequently,  if  all  the  bodies  of  the 
sokr  system,  their  mutual  distances,  and  their 
velocities,  were  to  diminish  proportionally,  they 
would  describe  curves  in  all  respects  similar*  to 
those  in  which  they  now  move ;  and  the  system 
might  be  successively  reduced  to  the  smallest 
sensible  dimensions,  and  still  exhibit  the  same 
appearances.  We  learn  by  experience  that  a  very 
different  law  of  attraction  prevails  when  the  particles 
of  matter  are  placed  within  inappreciable  distances 
from  each  other,  as  in  chemical  and  capillary 
attraction  and  the  attraction  of  cohesion :  whether 
it  be  a  modification  of  gravity,  or  that  some  new 
and  unknown  power  comes  into  action,  does  not 
appear;  but  as  a  change  in  the  law  of  the  force 
takes  place  at  one  end  of  the  scale,  it  is  possible 
that  gravitation  may  not  remain  the  same  through- 
out every  part  of  space.  Perhaps  the  day  may 
come  when  even  gravitation,  no  longer  regarded 
aa  an  ultimate  principle,  may  be  resolved  into  a 
yet  more  general  cause,  embracing  every  law  that 
r^ulates  the  material  world. 

The  action  of  the  gravitating  force  is  not  im- 
peded by  the  intervention  even  of  the  densest 
substances.  If  the  attraction  of  the  sun  for  the 
centie  of  the  earth,  and  of  the  hemisphere  diame- 
trically opposite  to  him,  were  diminished  by  a 
difficidty  in  penetrating  the  inteiposed  matter^  ths. 
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tidcfi  would  be  more  obviously  affected.  Its  attrtc- 
lien  is  tbe  same  also,  wbatever  the  substances  of 
tiie  celestial  bodies  may  be ;  for  if .  tibe  action  of 
ftkt  sun  upon  the  earth  differed  by  a  milliondi 
part  from  his  action  upon  the  moon,  the  difference 
irouM  occasion  a  periodical  variation  in  the  moon^s 
parallax  whose  maximum  would  be  the  -^  oi  a 
•econd,  and  also  a  variation  in  her  longitude 
•mounting  to  several  seconds,  a  supposition  proved 
to  be  impossible,  by  the  agreement  of  theory  with 
observation.  Thus  all  matter  is  pervious  to  gravi- 
tation, and  is  equally  attracted  by  it. 

As  far  as  human  knowledge  extends,  the  intensity 
of  gravitation  has  never  varied  within  the  limits  of 
the  solar  system ;  nor  does  even  analogy  lead  us 
to  expect  that  it  should ;  on  the  contrary,  there  is 
every  reason  to  be  assured  that  the  great  laws  of 
the  imiverse  are  immutable,  like  their  Author. 
Not  only  the  sun  and  planets,  but  the  minutest 
particles,  in  all  the  varieties  of  their  attractions 
and  repulsions, — ^nay,  even  the  imponderable  mat- 
ter of  the  electric,  galvanic,  or  magnetic  fluid, — 
are  all  obedient  to  permanent  laws,  though  we 
may  not  be  able  in  every  case  to  resolve  their 
phenomena  into  general  principles.  Nor  can  we 
suppose  the  structure  of  tbe  globe  alone  to  be 
exempt  from  tbe  universal  fiat,  though  ageii  may 
pass  before  tbe  c\vfii\«<^  it.  baa  undergone,  or  that 
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are  now  in  progress,  can  be  referred  to  existing 
causes  with  the  same  certainty  with  which  the 
motions  of  the  planets,  and  all  their  periodic  and 
secular  variations,  are  referable  to  the  law  of  gra- 
vitation. The  traces  of  extreme  antiquity  per- 
petually occurring  to  the  geologist  give  that  in- 
formation as  to  the  origin  of  things  in  vain  looked 
for  in  the  other  parts  of  the  universe.  They  date 
the  beginning  of  time  with  regard  to  our  system  ; 

0 

since  there  is  ground  to  believe  that  the  formation 
of  the  earth  was  contemporaneous  with  that  of  the 
rest  of  the  planets ;  but  they  show  that  creation  is 
the  work  of  Him  with  whom  *  a  thousand  years  are 
as  one  day,  and  one  day  as  a  thousand  years.* 

It  thus  appears  that  the  theory  of  dynamics, 
founded  upon  terrestrial  phenomena,  is  indispen- 
sable for  acquiring  a  knowledge  of  the  revolutions 
of  the  celestial  bodies  and  their  reciprocal  inflm- 
ences.  The  motions  of  the  satellites  are  affected 
by  the  forms  of  their  primaries,  and  the  figures  of 
the  planets  themselves  depend  upon  their  rota- 
tions. The  symmetry  of  their  internal  structure 
proves  the  stability  of  these  rotatory  motions, 
and  the  immutability  of'  the  length  of  the  day, 
which  furnishes  an  invariable  standard  of  time| 
and  the  actual  size  of  the  terrestrial  spheroid 
a^rds  the  means  of  ascertaining  the  dimensions 
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of  the  •solar  system,  and  provides  an  invariable 
foundation  for  a  system  of  weights  and  mea* 
■ures.  The  mutual  attraction  of  the  celestial 
bodies  disturbs  the  fluids  at  their  surfaces,  whence 
the  theory  of  the  tides  and  the  oscillations  of  the 
atmosphere.  The  density  and  elasticity  of  the 
tir,  varying  with  every  alternation  of  temperature, 
kad  to  the  consideration  of  barometrical  changes, 
the  measurement  of  heights,  and  capillary  attrac- 
tion ;  and  the  doctrine  of  sound,  including  the 
theory  of  music,  is  to  be  referred  to  the  small  undu- 
lations of  the  aerial  medium.  A  knowledge  of  the 
action  of  matter  upon  light  is  requisite  for  tracing 
the  curved  path  of  its  rays  through  the  atmo- 
sphere, by  which  the  true  places  of  distant  objects 
are  determined,  whether  in  the  heavens  or  on  the 
earth.  By  this  we  learn  the  nature  and  proper- 
ties of  the  sunbeam,  the  mode  of  its  propagation 
through  the  etherial  fluid,  or  in  the  interior  of 
material  bodies,  and  the  origin  of  colour.  By  the 
eclipses  of  Jupiter's  satellites,  the  velocity  of  light 
is  ascertained,  and  that  velocity,  in  the  aberration 
of  the  fixed  stars,  furnishes  the  only  direct  proof 
of  the  real  motion  of  the  earth.  The  efiects  of 
the  invisible  rays  of  light  are  immediately  con- 
nected with  chemical  action ;  and  heat,  forming  a 
part  of  the  solar  ray,  so  essential  to  animated  and 
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inanimated  existence,  whether  considered  as  invi- 
sible light  or  as  a  distinct  quality,  is  too  important 
an  agent  in  the  economy  of  creation  not-  to  hold  a 
principal  place  in  the  order  of  physical  science. 
Whence  follows  its  distribution  over  the  sur- 
face of  the  globe,  its  power  on  the  geological 
convulsions  of  our  planet,  its  influence  on  the 
atmosphere  and  on  climate,  and  its  effects  on 
vegetable  and  animal  life,  evinced  in  the  loca- 
lities of  organized  beings  on  the  earth,  in  the 
waters,  and  in  the  air.  The  connexion  of  heat 
with  electrical  phenomena,  and  the  electricity 
of  the  atmosphere,  together  with  all  its  energetic 
effects,  its  identity  with  magnetism  and  the  pheno- 
mena of  terrestrial  polarity,  can  only  be  under- 
stood from  the  theories  of  these  invisible  agents, 
and  are  probably  principal  causes  of  chemical 
affinities.  Innumerable  instances  might  be  given 
in  illustration  of  the  immediate  connexion  of  the 
physical  sciences,  most  of  which  are  united  still 
more  closely  by  the  common  bond  of  analysis 
which  is  daily  extending  its  empire,  and  will  ulti- 
mately embrace  almost  every  subject  in  nature  in 
its  formulae. 

These  formulae,  emblematic  of  Omniscience,  con- 
dense into  a  few  symbols  the  immutable  laws  of 
the  universe.    This  mighty  instrument  of  human 
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power  itself  originates  in  the  primitiye  constitutiim 
of  the  human  mind,  and  rests  upon  a  few  fundiei- 
mental  axioms  which  have  eternally  existed  in 
Him  who  implanted  them  in  the  breast  of  man 
when  He  created  him  afiter  His  own  image. 
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Aberration.  An  apparent  annual  motion  in  the  fixed 
stars,  occasioned  by  the  velocity  of  light  com- 
bined with  the  real  velocity  of  the  earth  in  its 
orbit. 

Absorbent  media.  Substances  either  solid,  liquid,  or 
fluid,  which  imbibe  the  rays  of  light  or  heat. 

Accidental  colours.  If  the  eye  has  been  dazzled  by 
looking  steadily  at  a  bright  colour,  as,  for  ex- 
ample, at  a  red  wafer,  upon  turning  it  to  a  white 
object  a  bluish-green  image  of  the  wafer  will 
appear.  Bluish-green  is  therefore  the  acci- 
dental colour  of  red,  and  vice  versa.  Each  tint 
has  its  accidental  colour.  When  the  real  and  ac- 
cidental colours  are  of  equal  intensity,  the  one  is 
said  to  be  the  complementary  colour  of  the  other, 
because  the  two  taken  together  make  white  light. 

Acceleration.  A  secular  variation  in  the  mean  motion 
of  the  moon. 

Aeriform.    Having  the  form  of  air. 

Aerolite.    A  meteoric  stone. 

Aerostatic  expedition.    Ascent  in  a  balloon. 

Affinity  or  cohesive  force.  The  force  with  which  the 
particles  of  bodies  resist  separation. 

Alg€e.    Sea  weeds  or  marine  plants. 

2k 
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Aliquot  parts.  The  parts  into  which  a  quantity  is 
divided  when  no  remainder  is  left. 

Altitude.   The  height  of  an  object  above  the  horizon. 

Analym,  Mathematical  reasoning  conducted  by 
means  df  abstract  s}'mbols. 

Analyzing  plate,  A  piece  of  glass  or  a  slice  of  a 
crystal  used  for  examining  the  properties  of  po- 
larized light 

Analytical  formula  or  expression.  A  combination 
of  symbols  expressing  a  series  of  calculation,  and 
including  every  particular  case  that  can  arise 
from  a  general  law. 

Angle  of  position  of  a  double  star.  The  angle 
which  a  line  joining  the  two  stars  maikes  with 
one  parallel  to  the  meridian. 

Angular  velocity.  The  swiftness  with  which  the 
particles  of  a  revolving  body  move.  It  is  pro- 
portional to  the  velocity  of  each  particle  divided 
by  its  distance  from  the  axis  or  centre  of  rotation. 

Annual  equation.  A  periodical  inequality  in  the 
motion  of  the  moon  going  through  it3  changes  in 
a  year. 

Annual  parallax.    See  Parallax, 

Antimony.    A  metal. 

AntenncB.  The  thread-like  horns  on  the  heads  of 
insects. 

Aphelion.    The  point  in  which  a  planet  is  at  its 
greatest  distance  from  the  sun — the  point  a  in 
Jig.  8,  S  being  the  sun. 


£XPIANATION  OF  TERMS. 


41# 


Apogee.  The  point  in  wMch  the  sun  or  moon  id 
farthest  from  the  earth. 

Apparent  motion.  The  motion  of  the  celestial  hodies 
as  viewed  from  the  earth. 

Apparent  diameter.    See  Diameter. 

Apparent  time.    See  Time. 

Apsides.  The  extremities  a  and  ^tfig.  8,  of  the  major 
axis  of  an  orhit,  or  the  points  in  which  a  planet 
is  at  its  greatest  and  least  distances  from  S  the 
sun;  also  those  in  which  a  satellite  is  at  its 
greatest  and  least  distances  from  its  planet. 

Arc  qf  the  meridian.  Part  of  a  plane  curve  passing 
through  the  poles  of  the  earth,  and  along  its 
surface. 

Areas,  Superficial  extent.  In  astronomy,  they  are 
the  spaces  passed  over  by  the  radius  vector  of  a 
celestial  body. 

Arithmetical  progression.  A  series  of  quantities  or 
numbers  continually  increasing  or  diminishing 
by  the  same  quantity ;  as,  for  example,  the  na- 
tural numbers  0,  1,  2,  3,  4,  &c.,  which  continu- 
ally increase  by  one. 

Armature.  A  piece  of  soft  iron  connecting  the  poles 
of  a  horse-shoe  magnet. 

Astronomical  or  solar  day.  The  time  between  two 
consecutive  true  noons  or  midnights. 

Atmospheric  refraction.    See  Refraction. 

Aurora.  A  luminous  appearance  in  the  heavens, 
frequently  seen  in  high  northern  and  southern 
latitudes* 
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Axis  of  rotation.  The  line,  real  or  imaginary,  aboat 
which  a  body  revolves.  The  imaginary  line 
passing  through  both  poles  and  the  centre  of 
the  earth  is  the  axis  of  tl\e  earth's  rotation. 

Axis  of  a  prism.  The  line  a  b,  fg,  1 1 ,  passing 
through  the  centre  of  a  prism  parallel  to  its  sides. 

Axis  of  a  telescope.  An  imaginary  line  passing 
through  the  centre  of  the  tube. 

Axis  of  an  ellipse.    See  Ellipse^  line  a  b,^.  2« 

Base.  In  sun*eying,  a  base  is  a  line  measured  on  the 
surface  of  the  earth,  and  assumed  as  an  origin 
fVom  whence  the  angular  and  linear  distances  of 
remote  objects  may  be  determined. 

Binary  system  of  stars.  Two  stars  revolving  about 
each  other. 

Bissextile.    Leap  year,  every  fourth  year. 

Caloric.  The  material  of  heat ;  heat  being  the  sen- 
sation. 

Centre  of  gravity.  A  point  in  a  body,  which,  if  sup- 
ported, the  body  will  remain  at  rest. 

Capillary  attraction.  The  attraction  of  tubes  with  a 
very  minute  bore,  such  as  thermometer  tubes, 
which  causes  liquids  to  ascend  and  remain  sus- 
pended within  them. 

Centrifugal  force.  The  force  with  which  a  revolving 
body  tends  to  fly  from  the  centre  of  motion. 
The  direction  of  this  force  ia  in  the  tangent  to 
the  path  the  body  describes. 
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Cireumferenee^    The  boundary  of  a  circle.  • 

Civil  day.  The  time  comprised  between  two  conse- 
cutive returns  of  the  sun  to  the  same  meridian. 

Civil  or  tropical  year.  The  time  comprised  between 
two  consecutive  returns  of  the  sun  to  the  same 
solstice  or  equinox. 

Chemical  rays.  The  rays  of  the  solar  spectrum 
which  do  not  produce  light  but  destroy  vegetable 
colours. 

Chronometer,  A  watch  which  measures  time  more 
accurately  than  those  in  common  use. 

Coal  measures.  The  strata  which  contain  beds  of 
coal. 

Cobalt,    A  metal.  ' 

Cohesion.  The  force  with  which  the  parts  of  bodies, 
resist  any  endeavour  to  separate  them.  Hard- 
ness, softness,  tenacity,  fluidity,  and  ductility,, 
are  modificati6nd  of  cohesion. 

Collecting  wires,  or  Collectors.  Wires  for  collectings 
and  conveying  electricity. 

Complementary  colours.    See  Accidental  colours. 

Compression  of  a  spheroid.  Flattening  at  the'poles. 
It  is  equal  to  the  difference  between  the  greatest 
and  least  diameters  divided  by  the  greatest. 

Concave  mirror,  A  polished  curved  surface  which, 
being  hollow,  reflects  parallel  rays  of  light  so  as 
to  make  them  tend  to  meet. 

Concentric.    Having  the  same  centre. 

Conductor.  A  substance  which  conducts  the  electric 
fluid* 
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Qme.  A  solid  figure  a  b  c» 
like  a  sugar-loaf,  of 
which  A  is  the  apex,  a  d 
the  axis,  and  the  plane 
B  c  the  hase.  The  axis 
may  or  may  not  he  at 
right  angles  to  the  hase, 
and  the  hose  may  he  a  ^ 
circle,  an  ellipse,  or  any 
other  line.  When  the  axis  is  at  right  angles  to 
the  base,  the  figure  is  a  right  eohe. 

Conic  sections.  lines  formed  hy  a  plane  cutting  a 
cone,  of  which  there  are  five*  If  a  right  eone 
with  a  circular  hase,  he  cut  at  right  angles  to 

Bg.2. 
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the  base  by  a  plane  passing  through  the  apex» 
the  section  will  be  a  triangle.  If  the  cone  be 
cut  through  both  sides  by  a  plane  parallel  to  the 
base,  the  section  will  be  a  circle.  If  the  cone  be 
cut  slanting  quite  through  both  sides,  the  section 
will  be  an  ellipse,  b  a  a  b^fig*  2.  If  the  coue  be 
cut  parallel  to  one  of  its  sloping  sides,  the  fiection 
win  be  a  parabola,  d  a  B,flg.  3  ;  and  if  the  section 
cut  only  one  side  of  the  cone,  and  be  not  parallel 
to  the  other,  it  will  be  a  hyperbola,  d  a  b,/^.  4- 

Configuration,  The  position  of  bodies  with  regard 
to  one  another. 

Conjunction,  A  planet  is  said  to  be  in  eonjunction 
when  it  has  the  same  longitude  with  the  sun. 

ConstellcUions,  Groups  of  stars  to  which  the  names 
of  men  and  animals  have  anciently  been  given. 
The  whole  starry  firmament  is  divided  into  such 
groups. 

Contrasted  colours.    See  Accidental  colours. 

Converging.    Tending  to  the  same  point. 

Convex  mirror.  A  polished  curved  surface  which, 
being  protuberant,  reflects  parallel  rays  of  light, 
so  as  to  make  them  diverge. 

Cosine  of  an  arc  or  angle.  In  Jig,  5,  a  d  is  the  co- 
sine of  the  arc  c  B,  and  of  the  angle  b  a  c. 

Fig.  5. 
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CfytaL    A  oheiiiical  or  minend  substance  Iwvikig  a 
regular  fonn. 

Cmve$  of  double  curvature,  Lhles  curved  in  two 
directions,  ao  that  no  two  of  their  indeAnitely 
small  parts  lie  in  the  tame  plane,  as  a  cbdiscrew 
or  a  cuTNed  line  drawn  obliquely  on  the  side  of  a 
cylinder  which  has  its  own  curvaturdatthesame 
time  that  it  partakes  of  the  curvature  of  the 
surface  on  which  it  is  drawn. 

Curves  of  the  second  order.  The  conic  sectio^.  In 
a  circle,  the  relation  of  the  part  a  ly^fig^  5,  of  the 
diameter  to  the  perpendicular  d  c,  is  the  same 
for  every  point  in  the  circumference.  The  two 
lines  A  D,  D  c  are  called  co-ordinates.  Therela- 
tion  of  these  co-ordinates  to  one  another  is  dif- 
ferent in  different  curves,  but  remains  invariable 
in  any  one  curve ;  and  lines  are  said  to  be  of 
the  first  or  second  order,  according  as  this  rela- 
tion can  be  expressed  by  the  simple  lines  them- 
selves, or  by  their  squares  and  products. 

Fig,  (5. 


Cylinder.      A  solid  a  b, 
fg,  6,  formed  by  the 
revolution  of  a  paral- 
lelogram about  one  of 
its  sides. 


B 


Declination,    The  angular  distance  of  a  celestial  ob- 
ject from  the  celestial  equator. 

Density,    Tl\e  (\v\^xit\tY  of  matter  in  a  given  bulk. 
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IHagamU.  A  line  drawn  from  angle  to  angle  <tf  a 
four  sided  figure,  as  c  iy,Jig.  10. 

Diameter.     A  straight  line,  s   b,  Jig,  5,  passing 
•   liirough  the  centre,  and  terminated  hoth  ways, 
by  the  sides  or  surface  of  a  figure. 

Diameter,  apparent.  The  diameter  of  a  body  as  seen 
from  the  earth. 

DiaphanoiMS.    Transparent. 

Dicotyledonous  plants.  Such  as  have  seeds  contain- 
ing two  lobes. 

Dip.  The  angle  formed  by  the  direction  of  the  mag- 
netic force  of  the  earth  with  the  plumb-Une. 

Dipping  needle.  An  instrument  for  measuring  the 
dip  of  a  magnetized  needle. 

Direct  motion  of  a  celestial  body.  Motion  from  west 
to  east,  according  to  the  order  of  the  signs  of 
the  zodiac. 

Disc.    The  apparent  surface  of  a  heavenly  body. 

Disintegration.  Mouldering  down,  separating  into 
parts. 

Distance,  mean.    See  Mean  distance. 

Distance,  true.    See  True  distance. 

Distance,  Perihelion.    See  Perihelion  distance^ 

Diverging.    Tending  from  a  point. 

Double  refraction.  The  power  which  some  sub« 
stances  possess  of  refracting  or  transmitting  a 
ray  of  Ught  in  two  pencils  instead  of  one.  If  s  i> 
Jig.  13,  be  a  ray  of  light  falling  upon  a  doubly 
refracting  surface  6  g,  it  will  be  transmitted* 
in  two  pencils  i  o,  i.  s,  so  th^l  thf^  \»xs£c$^sis^^% 
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point  8  win  cppear  doable,  if  vi&ved  through 
the  substance  o  ^  ;  whereas  if  6  ^  were  of  glass 
or  water,  the  ray  s  i  would  be  transmitted  in  a 
single  pencilt  i  o,  and  only  one  image  of  a  would 
be  seen. 

Dynamics,    The  sdenoe  of  force  and  motion. 


Ecliptic,  The  great  circle  traced  in  the  starry  hea- 
vens by  the  plane  of  the  ediptio. 

Ecliptic,  plane  of.  An  imaginary  plane  passing 
through  the  earth*s  orbit,  and  extending  to  the 
starry  heavens. 

Eiasticity.  The  property  bodies  posaeas  of  reanm- 
ing  their  original  fomxu  when  preaaiire  is  re- 
moved. 

Elastic  media.  Atmospheric  air,  gas,  ether,  &c., 
which  are  highly  compressible,  and  instantly 
resume  their  volume  or  bulk,  when  pressure  is 
removed. 

Electrics.  Substances  in  which  electricity  may  be 
excited,  but  which  are  incapable  of  conducting  it. 

Electric  induction.  The  effect  of  electrified 
bodies  to  produce  an  electric  state  opposite  to 
their  own,  in  all  bodies  near  them  capable  of  re- 
ceinng  it. 

Electro-magnetism,  The  science  which  determines 
the  reciprocal  action  of  electricity  and  mag- 
netism. 

Electro-magnets.  Cylinders  which  have  all  the  pro« 
perties  of  magnets  when  a  stream  of  electricity 
is  passing  t\itou^\i  X\i«\xi. 
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Eleciro-dynamics.    The  science  ^  the  motion  and 
reciprocal  acti(»  of  electric  currento. 

Eleetro-difnamic  cylinder,    A  hollow  coQ  of  copper 
wire,  iftg.  7,)  in  the  form  of  a  corkscrew,  the 


extreme  parts  of  the  wires  of  which  are  passed 
hack  through  the  centre  of  the  coil,  and  heing 
hent  at  right  angles  are  hrought  out  through 
its  middle.  There  are  several  forms  of  this 
instrument,  all  of  which  have  the  same  properties 
as  magnets,  when  a  galvanic  current  is  passing 
through  them. 

Elements  of  an  orbit.  In  an  elliptical  orhit  there  are 
six  elements.  Let  p  »  a  n  {fig.  8)  he  the  orhit 
of  a  planet,  s  the  Sun,  c  n  e  n  the  plane  of  the 
ec^ptic,  and  ^  the  first  point  of  Aries,  then  the  six 
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elements  are  the  major  axis  p  a,  the  excentridty 
■  o,  the  longitude  PP  s  p  of  p  the  perihelioa,  the 
longitude  OP  s  if  of  if ,  the  ascending  node,  the 
inclination  of  the  orbit  n  a  n  on  the  plane  of  the 
ecliptic  n  I  If ,  and  ^  s  m  the  longitude  of  the  body 
m,  at  any  given  instant  called  the  longitude  of 
the  epoch.  In  a  parabolic  orbit,  there  are  only 
five  elements,  since  the  major  axis  is  infinite. 

ElUpie,  One  of  the  conic  sections.  An  ellipse  may 
be  drawn,  by  fixing  the  ends  of  a  string  to  two 
points,  F  and/  (/ig,  2.)  in  a  sheet  of  paper,  and 
then  carrying  the  point  of  a  pencil  round  in  the 
loop  of  the  string  kept  stretched,  the  length  of 
the  string  being  greater  than  the  distance  be- 
tween the  two  points.  The  points  f  and  /  are 
called  the  foci,  and  the  distance  V  c  is  the  ex- 
centricity,  c  being  the  centre  of  the  ellipse ;  it 
is  evident  that  the  less  f  c  is,  the  nearer  does 
the  ellipse  approach  the  form  of  a  circle,  a  b  is 
the  major  axis,  a  b  the  minor  axis,  and  f  a  the 
focal  distance.  From  the  construction,  the  length 
of  the  string,  f  m/,  is  equal  to  the  major  axis. 
If  T  ^  be  a  tangent  to  any  point  tti,  and  f  m,fm 
lines  firom  the  foci,  the  angle  f  m  t  is  equal  to 
the  anj^le  f  m  t ;  and  as  this  is  true  for  every 
point  of  the  ellipse,  it  follows  that,  in  an  elliptical 
reflecting  surface,  rays  of  light  or  sound  coming 
from  the  focus  f  will  be  retlected  by  the  surface 
to  the  other  focus  /,  since  the  angle  of  incidence 
is  equal  to  the  angle  of  reflection,  by  the  theory 
of  optics  and  acoustics. 

Ellipsoid  of  revolution.    A  solid  formed  by  the  re- 


XZPULNATION  OV  TERMS.  429 

volution  of  an  ellipse  about  its  axis.  If  the 
ellipse  revolves  about  its  minor  axis,  the  ellipsoid 
will  be  oblatet  or  fattened  at  the  poles,  like  an 
orange  :  if  the  revolution  be  about  the  major 
axis,  the  ellipsoid  will  be  drawn  out  at  the  poles, 
.  or  prolate,  like  an  egg. 

'JElliptidty.  Excentricity,  or  deviation  from  the  cir- 
cular or  spherical  form. 

Elongation,  The  angular  distance  of  a  celestial 
body  from  the  sun,  as  it  would  be  seen  from  the 
centre  of  the  earth. 

Ppoch.  The  assumed  instant  from  whence  all  the 
subsequent  and  antecedent  periods  of  a  celestial 
body  are  estimated. 

Equation  of  time.  The  difference  between  the  time 
shown  by  a  watch,  and  that  given  by  a  dial, 
or  the  difference  of  mean  and  true  time. 

Equation  of  the  centre.  The  difference  between  the 
true  and  mean  motion  of  a  planet  or  satellite.  At 
its  maximum,  it  is  equal  to  the  excentricity  of 
the  orbit,  since  it  is  the  difference  of  the  motion 
of  a  body  in  an  ellipse,  and  in  a  circle  whose 
diameter  is  equal  to  the  major  axis  of  the  eUipse. 

EcpJtator,  The  terrestrial  equator  is  the  equinoctial 
line.  The  celestial  equator  is  the  great  circle 
traced  in  the  starry  heavens,  by  the  imaginary 
extension  of  the  plane  of  the  terrestrial  equator. 

Equinoxes,  The  vernal  and  autumnal  equinoxes 
are  two  points  in  the  heavens  diametrically  op^ 
posite  to  one  another,  that  is  1 80°  apart.  .  The 
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line  in  whidi  the  pknes  of  tbe  equator  aad 
ediptic  intenect  puses  throngh  tbem.  The 
vernal  equinox  is  the  point  frofm  whence  the 
longitudes  or  angular  distances  of  l^e  celestial 
hodies  are  estimated ;  it  is  generally  called  the 
first  point  of  Aries,  though  these  two  points  have 
not  coincided  since  the  early  ages  of  astronomy, 
ahout  two  thousand  two  hundred  and  thirty-two 
years  ago,  on  account  of  the  precession  or  retro- 
grade motion  of  the  equinoctial  points. 

Etherial  medium.  The  ether  or  highly  elastic  fluid 
with  which  space  is  filled. 

Evectwn.  A  certain  periodic  inequality  in  the  mo- 
tion of  the  moon. 

Excentricity.  The  distances  hetween  the  centre  and 
focus  of  an  ellipse,  or  c  F,  (Jig.  2.> 

Extraordinary  refraction.    See  Refraction, 

Extraordinary  ray.    See  Refraction. 

Focus.    A  point  where  conirerging  rays  or  lines  meet. 

Focal  distance.  The  line  f  a  in  the  conic  sections, 
(fg.  2,  3,  and  4.) 

Foci  of  an  ellipse.  Two  points  f  and  /  (fig.  2.)  in 
the  major  axis,  such,  that  the  sum  of  the  two 
lines  drawn  from  them  to  any  point  m  in  the 
elUpse  is  equal  to  the  major  axis  a  b. 

FossilSf  organic.  The  remains  of  ancient  animals 
and  plants  emhodied  in  the  strata  of  the  earth. 

Fundamental  note.  The  natural  note  of  any  sono- 
rous body,  as  of  a  string  or  organ-pipe. 
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Qalvanism.  Electricity  perpetaally  in  motion,  and 
produced  by  chemical  action. 

Galvanic  battery.  An  instrument  for  producing 
galvanic  electricity,  constructed  of  alternate 
layers  of  two  metals  and  a  fluid. 

Galvanic  circuit.  Three  substances  in  contact, 
generating  a  stream  of  electricity,  which  flows  in 
a  perpetual  circuit  through  them. 

Galvanometer.  An  instrument  for  measuring  the 
intensity  of  the  galvanic  force. 

Genera  of  plants.  The  divisions  of  plants  into  fami- 
Ues,  each  of  which  contains  a  variety  of  species. 

General  analytical  expression.  The  representation 
in  symbols  of  a  series  of  reasoning,  including 
every  particular  case  of  the  subject  in  question. 

Geometrical progressiof I.  A  series  of  quantities  in- 
creasing or  diminishing  by  a  continual  multi- 
pUcation  or  division  by  the  same  quantity,  as  the 
numbers  1,  2,  4,  8,  16,  &c.,  which  are  constantly 
multiplied  by  2,  or  the  series  1,  |,  f,  |,  &c., 
which  decreases  by  the  continual  division  by  2. 

Graphical  construction  of  an  orbit.  The  drawing 
of  an  orbit  by  ruler  and  compass  from  given  oh* 
seKvations. 

Gravity.    The  attraction  of  matter,  weight 

Gravitating  force.  The  force  with  which  matter 
attracts;  its  intensity  varies  inversely  as  the 
square  of  the  distance ;  that  is,  the  weight  of  a 
body  decreases  in  proportioii  as  the  square  of 
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IttcUnation  </  an  orbit  The  mi^^  in-  J^,  8. 
which  the  plane  of  an  orint  p  it  a  if  makes  with 
the  plane  of  the  ecliptic  c  n  b  n. 

Indigenous.    Native  to  a  partScoIar  spot  or  cottntiy. 

Inertia.  The  disposition  of  matter  to  remain  in  its 
state  of  rest  or  motion. 

Interference  of  unduiatians.  The  comlniiatiaii  of 
two  iteries  of  waves  in  a  fluid  so  as  to  augment, 
diminish,  or  destroy  each  other. 

Jiockronous,    In  equal  times. 

liothermal  lines.  Imaginary  lines  passing  through 
such  places  as  have  the  same  mean  annual  tem- 
perature. 

JsogeothermcU  lines.  Imaginary  lines  passing  through 
all  those  places  within  the  surface  of  the  earth, 
vhere  the  mean  internal  temperature  is  the 
same. 

Kepler  s  laws.  Three  laws  in  the  planetary  motions 
discovered  by  Kepler,  which  furnish  the  data 
from  whence  the  principle  of  gravitation  is  es- 
tablished :  they  are,  First,  that  the  radii  vectores  of 
the  planets  and  comets  describe  areas  propor- 
tional to  the  time :  Second,  that  the  orbits  of  the 
planets  and  comets  are  conic  sections,  having 
the  sun  in  one  of  their  foci ;  and  third,  that  the 
squares  of  the  periodic  times  of  the  planets  are 
proportional  to  the  cubes  of  their  mean  distances 
from  the  sun.  These  laws  extend  also  to  the 
satellites. 
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Latent  heat.  Caloric  existing  in  all  bodies,  wbioh  is 
not  sensible,  and  cannot  be  detected  by  the  iiier- 
mometer. 

Latitude.  Terrestrial  latitude  is  the  angular  distance 
between  the  vertical  or  plumb-line  at  any  place 
and  the  plane  of  the  equator.  Celestial  latitude 
is  the  height  of  a  heavenly  body  above  or  below 
the  plane  of  the  ecUptic,  SLsm  s  p,  fig.  8 ;  when 
above,  it  has  north,  and  when  below  that  plane, 
it  has  south  latitude. 

Length  of  a  wave.  The  distance  between  two  par- 
ticles of  an  undulating  lluid  similarly  displaced 
and  moving  similarly,  consequently  the  length  is 
the  distance  between  two  consecutive  hoUows  or 
elevations. 

Lens.  A  transparent  substance  with  curved  surfaces. 
The  glasses  of  a  telescope  and  of  spectacles  are 
lenses.  A  lens  may  be  convex  on  both  sides, 
or  it  may  have  both  sides  concave;  one  side 
may  be  convex  and  the  other  concave ;  one  side 
plane  and  the  other  convex ;  or  lastly,  one  side 
may  be  plane  and  the  other  concave. 

Libraiion.    A  balancing  motion. 

Lines  of  the  second  order.  The  circle,  ellipse,  para- 
bola, hyperbola,  and  generally  such  as  are  ex- 
pressed algebraically  by  a  quadratic  equation. 
See  Curves  of  the  second  order. 

Lines  of  no  vaaiation.  Imaginary  lines  passing 
through  all  places  where  the  needle  of  the  mari- 
ner s  compass  points  to  the  true  north,  that  is,  to 
the  pole  of  the  earth*s  rotation. 
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lAnm  fif  perpetual  tnow,  Imaginarj  lines .  parsing 
throngh  the  limits  of  perpetual  snaw  firem  the 
equator  to  the  poles. 

I/mgiiude,  Terrestrial  longitude  is  the  angular  dif- 
tanoe  of  a  place  from  a  meridian  arbitrarily 
chosen,  such  as  that  of  Greenwioh. 

Longiiude  of  a  heavenfy  hody.  The  true  longitude 
of  a  planet,  BBo(m,Jlg.  8.  is  its  angular  distance 
cp  8  m  from  <Y>  the  vernal  equinox,  estimated  on 
its  elliptical  orbit;  its  mean  longitude  is  its-an- 
(zular  distance  from  the  same  point,  supposing 
the  planet  to  move  equably  in  a  circle  whose 
radius  is  equal  to  the  mean  distance  of  the  body 
from  the  sun.  Tbe  difference  between  the  two 
is  the  equation  of  the  centre. 

Longitude  of  the  perihelion.  The  angular  distance 
of  the  perihelion  of  an  orbit  from  the  vernal 
equinox,  as  cyo  s  p,/^.  8. 

Longitude  of  t/ie  node.  The  angular  distance  of  the 
node  of  an  orbit  from  the  vernal  equinox  as,  PP-  s  n, 
Jfg,  8. 

Longitude  of  the  epoch.  The  angular  distance  of  a 
celestial  body  from  the  vernal  equinox  at  the 
instant  assumed  as  the  origin  of  time  whence  all 
its  subsequent  and  antecedent  longitudes  are 
estimated. 

Lunar  distance.  The  angular  distance  of  the  centre 
of  a  celestial  object  from  the  centre  of  the  moon. 

Magnetic  equator.  The  imaginary  Une  passing 
through  thosft  i^Vwjfe*  Yjhere  there  is  no  dip,  that 
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'  is,  where  the  compass  needle  is  horizontal.  It 
enciroles  the  earth,  hut  does  not  coincide  with 
the  terrestrial  equator. 

Magnetio  meridian.     The   vertical   plane   passing 
'     through  the  direction  of  the  needle  of  the  com- 
pass at  any  place. 

M&gneHc  poles.  Points  of  the  earth  where  the  in- 
tensity of  the  magnetic  force  is  greatest. 

Magnetic    induction.      The   effect  of  magnets   to 
,     excite  magnetism  in  hodies  near  them. 

Magneto-electric  induction.  The  effect  of  gal- 
vanic currents  to  produce  magnetism  in  hodies 
hear  them  capable  of  receiving  it. 

Major  axis  or  greatest  diameter  of  an  ellipse.  See 
Ellipse,  A  B,Jig.  2. 

Mass.  The  quantity  of  matter  in  a  body.  It  is  pro- 
portional to  the  density  and  volume  conjointly. 

Mathematics,    The  science  of  number  and  quantity. 

Mean  distance.  The  mean  distance  of  a  planet  from 
the  sun,  or  of  a  satellite  from  its  planet,  is  equal 
to  half  the  major  axis  of  its  orbit. 

Mean  longitude.    See  Longitude^ 

Mean  motion.  Equable  motion  in  a  circular  orbit  at 
the  mean  distance  during  the  same  time  that 
the  body  accomplishes  a  revolution  in  its  eUip- 
tical  orbit. 

Mean  time.  The  time  shown  by  clocks  and  watches 
well  regulated. 
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MUckanicM.  The  leience  of  the  eqailibrhiiii  and 
motioii  of  bodies. 

Meridian.  A  vertical  plane  passing  through  the 
poles  of  the  earth. 

Meteorite*,    Stones  which  fall  from  the  heavens. 

Mica.    A  certain  mineral. 

Minor  axis.    See  Ellipse. 

Minus.    Lcii.    The  sign  of  Subtraction. 

Molecules.  The  indefinitely  small  or  ultimate  par- 
ticles of  matter. 

Momentum.  Force  measured  by  the  mass  and 
simple  velocity  co]:\jointly. 

Monocotyledonous  plants.    Such  as  have  seeds  of 

one  lobo. 
Moons  southing.    Tlie  time  when  the  moon  comes  to 

the  meridian  of  any  place,  which  happens  about 

forty-eight  minutes  later  each  day. 

Multiple  systems  qf  stars.  Three  or  more  stars  re- 
volving about  their  common  centre  of  gravity. 

Nebulce.  White  misty  appearance  in  the  heavens 
like  the  milky  way ;  some  of  them,  when  viewed 
with  powerful  telescopes,  are  found  to  be  clusters 
of  stars,  others  always  retain  the  cloudy  form. 

Nebulosity  of  comets.  The  coma  or  misty  appear- 
ance which  always  surrounds  their  heads,  and 
of  which  their  whole  mass  is  often  composed. 

Nickel.    A  metal. 

Nodes.    The  two  opposite  points  n  and  «,  fig,  8,  in 
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which  the  orbit  n  a  n  p  of  a  planet  or  comlet 
intersects  the  plane  c  n  s  n  of  the  ecUptie.  Part. 
N  A  n,  of  the  orbit  Ues  above  the  plane  of  the^. 
ecliptic,  and  part,  tz  p  n,  below  it.  The  ascending^- 
node  N  is  the  point  through  which  the  body 
passes  in  rising  above  the  plane  of  the  ecliptic*, 
and  the  descending  node  n  is  the  point  in  which 
the  body  sinks  below  it.  The  nodes  of  a  satel- 
lite's orbit  are  the  points  in  which  it  intersects, 
the  plane  of  the  orbit  of  its  primary. 

Nodes,  line  of.  The  intersection  n  n,  fg.  8.  of  the 
plane  of  the  orbit  of  a  planet  or  comet  with  the 
plane  of  the  ecliptic.  It  passes  through  S,  thor 
centre  of  the  sun. 

Nodal  points.  Points  of  a  sonorous  body  whiclr 
remain  at  rest  during  its  vibrations. 

Nodal  lines.  Lines  of  sonorous  surfaces  which  remain 
at  rest  during  their  vibrations. 

Non-electrics.  Substances  in  which  electricity  cannot 
be  sensibly  excited  by  friction. 

Nucleus  of  a  comet.  The  part  of  its  head  which 
appears  to  be  dense.  Frequently  they  have 
none.  ' 

Nucleus  of  the  earth.    The  solid  part. 

Nutation.  A  variation  in  the  obliquity  of  the  ecliptic 
from  the  attraction  of  the  sun  and  moon  on  the 
protuberant  matter  at  the  terrestrial  equator. 

Nutation  of  the  lunar  orbit.  A  variation  in  the 
inclination  of  the  lunar  orbit  from  tlie  action  6f 
the  matter  at  the  earth's  equator  on  the  moon. 
It  is  the  reaction  of  terrestrial  nutation. 
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A  fertile  spot  in  &  dcmert 

Obi4iie  spheroid,  A  solid  like  an  orange,  which  may 
be  formed  by  the  rotation  of  an  ellipse  about  its 
minor  axis,  and  is  therefore  flattened  at  the 
poles. 

Obliquity  of  the  ecliptic.  The  angle  formed  by  the 
plane  of  the  terrestrial  equator  with  the  plane 
of  the  ecliptic. 

Oicillaiion.  A  motion  to  and  fro,  like  the  pendulum 
of  a  clock. 

Occultation,  The  eclipse  of  a  star  or  planet  by  the 
moon  or  by  another  planet. 

Opposition,  A  body  is  said  to  be  in  opposition  when 
its  longitude  differs  from  that  of  the  sun  by  18iP°. 

Optics.    The  science  of  light  and  colours. 

Optic  axis  of  a  crystal.  A  ray  of  light  passing 
through  a  doubly  refracting  crystal,  such  as  Ice- 
land spar,  is  generally  divided  into  two  rays,  but 
in  certain  directions  it  is  transmitted  in  one  ray 
only :  these  directions  are  called  the  optic  axes  of 
a  crystal. 

Orbit.  The  track  or  path  of  a  celestial  body  in  the 
heavens. 

Ordinary  refraction.    See  Refraction^ 

Ordinary  ray.    See  Refraction, 

Parabola.  One  of  the  conic  sections.  It  is  the  line 
described  by  a  cannon  ball,  and  has  two  infinite 
branches,  a  n,  a  d,/^.  3.  and  there  is  a  point  f 


SXPLANATIOM  OF  TERMS.  441 

within  it  called  the  focus,  to  which  every  point 
in  the  eurve  hears  a  certain  relation. 

Parabolic  elements.    See  Elements  of  an  orbit. 

Parallax.  The  angle  under  which  we  view  an 
object ;  it  therefore  diminishes  as  the  distance 
increases. 

Parallax  of  a  celestial  object.  The  angle  which  the 
radius  of  the  earth  would  be  seen  under,  if 
viewed  from  that  object. 

Parallax,  horizontal.  The  parallax  of  a  celestial 
body  when  in  the  horizon.  Parallax  is  then  at 
its  maximum ;  it  decreases  as  the  height  of  the 
body  above  the  horizon  increases. 

Parallax,  annual.  The  angle  which  the  diameter  of 
the  earth*s  orbit  would  be  seen  under,  if  viewed 
from  a  celestial  body,  as  a  fixed  star. 

Parallactic  motion.  The  motion  of  a  body  is  said  to 
be  parallactic  when  the  space  described  by  it 
subtends  or  is  seen  under  a  sensible  angle. 

Parallelogram.  A  four-sided  plane  figiure,  a  b,  Jig. 
10. whose  opposite  sides  are  parallel:  the  dia- 


meter is  the  straight  line  joining  two  of  its 
onnosite  ansrles. 


opposite  angles 
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PoHos^e  at  the  perihelion.  The  passage  of  a  body 
throui^h  the  point  (^  its  orbit  that  is  nearest  to 
the  iun. 

Penumbra.  The  shadow  or  imperfect  darkness  which 
precedes  and  follows  an  eclipse. 

Perigee,  The  points  in  which  the  sun  and  moon 
are  nearest  to  the  earth. 

Perihelion,  The  point  p  flg.  8.  of  an  orbit  which  is 
nearest  to  the  sun. 

Perihelion  distance.  The  shortest  distance  of  a 
planet  or  comet  from  the  sun,  p  s,fig.  8. 

Periodic  inequality.  An  irregularity  in  the  motion 
of  a  celestial  body  requiring  a  comparatively 
short  time  for  its  accomplishment. 

Periodic  time.  The  time  in  which  a  planet  or  comet 
performs  a  revolution  round  the  sun,  or  a  satellite 
about  its  primary. 

Perturbations,  Irregularities  in  the  motions  of  bodies 
from  some  disturbing  cause. 

Phanerogamous  plants.  Such  as  have  apparent 
Howcrs  and  seeds. 

Phases  of  the  moon.  The  periodic  changes  in  the 
enlightened  part  of  her  disc  from  a  crescent  to  a 
circle,  depending  upon  her  position  with  regard 
to  the  sun  and  earth. 

Phages  of  an  undulation.  Alternate  changes  in  the 
surface  or  density  of  a  fluid.  The  fluid  particles  in 
the  tops  or  in  the  hollows  of  a  series  of  waves  are 
in  the  same  phases,  because  their  displacement 
and  motion  are  equal  and  in  the  same  direction ; 
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whereas  the  fluid  particles  in  the  tops  of  a  series 
of  waves  are  in  different  phases  from  those  in 
the  hollows,  hecause  the  displacement  smd  motion 
of  the  first  are  equal,  hut  opposite  to  those  of  the 
second.  For  example :  in  waves  of  water,  the  par- 
ticles in  the  tops  have  arrived  at  their  greatest 
elevation,  and  are  beginning  to  sink  down, 
whereas  those  in  the  hollows  have  reached  their 
greatest  depression,  and  are  beginning  to  rise  up. 

Phenomena.    Appearances. 

Physical.    Belonging  to  material  nature. 

Physico-mathematical  sciences.  Sciences  in  which 
natural  phenomena  are  explained  by  mathema- 
tical reasoning. 

Pitch  in  music.  The  depth  or  shrillness  of  a  note. 
It  depends  upon  the  number  of  vibrations  the 
sonorous  body  makes  in  a  second.  The  more 
rapid  the  vibration  the  higher  the  pitch. 

Plane.    Length  and  breadth  without  thickness. 

Plane  of  reflection.  The  plane  passing  through  the 
incident  and  reflected  rays  of  light  or  sound  as 
s  I,  I  "Siyfig.  9.  It  is  perpendicular  to  the  reflect- 
ing surface. 

Plane  of  refraction.    The  plane  passing  through  the 
incident  and  refracted  rays  of  light  s  i  and  i  o, 
fig.  13.    It  is  perpendicular  to  the  refracting 
surface. 

Plane  of  polarization.  The  plane  passing  through 
the  incident  and  polarized  ray.  It  is  at  right 
angles  to  the  plane  of  reflection,  but  deviates 
isoxa.  the  plane  of  ordinary  refraction. 
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Pbu.    Mora ;  the  sign  of  additkm. 

Polarity,  The  tendency  of  magnetized  hodies  to 
point  to  the  magnetic  poles  of  the  earth. 

Polarized  light.  Light  which  hy  reflection  or  refiac- 
tion  at  a  certain  angle,  orhy  refraction  in  certain 
crystals,  has  acquired  the  property  of  exhibiting 
opposite  effects  in  planes  at  right  angles  to  each 
other.  This  property  is  explained  oa  the  undn- 
latory  theory  by  supposing  the  particles  of  the 
ether  to  vibrate  in  one  plmne. 

Polarization,  circular.  The  property  which  light 
acquires,  hy  transmission  through  quartz  .and 
certain  liquids,  of  producing  a  succession  of  ap- 
pearances which  follow  each  other  in  a  circular 
order,  as  the  thickness  of  the  medium  is  increased. 
This  property  is  explained  on  the  undulatory 
the  ory  by  supposing  the  particles  of  the  ether  to 
vibmte  in  circles  one  after  the  other,  the  undu- 
lation gomg  on  in  a  circular  helix  like  a  cork- 
screw penetrating  a  cork. 

Polarization,  elliptical.  The  property  which  light 
acquires,  by  reflection  at  the  surfaces  of  metals 
and  in  other  ways,  of  producing  appearances 
partly  analogous  to  those  of  circular  polarization. 
It  is  explained  hy  supposing  the  undulation  to 
follow  the  course  of  an  elliptical  helix. 

Poles,  The  extremities  of  the  axis  about  which  a 
hody  revolves. 

Poles  of  the  earth.  The  extremities  of  the  axis  of 
diurnal  rotation. 

Polts,  magnetic, ,  Points  in  the  earth  wherq  the  in- 
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tensity  of  the  magnetic  Race  U  a  maximum.  Of 
these  there  are  certainly  three,  probably  four,  all 
of  which  di&r  from  the  poles  of  rotation. 

Poles  of  a  magnet.  Points  in  a  magnet  where  the 
intensity  of  the  magnetic  force  is  a  maximum ; 
one  of  these  attracts  and  another  repels  the  same 
pole  of  another  magnet. 

Pole*  of  maximam  mid.  Points  in  the  aurikce  of 
the  earth  where  the  mean  annual  temperature  is 
a  maximum.  There  are  leveral,  hut  none  of 
them  coincide  with  the  poles  of  rotation. 

Prtcenhn  of  the  eqtiinoxe*.  A  retrograde  motion  of 
the  equinoctial  points  in  consequence  of  the 
action  of  the  sun  and  moon  upon  the  protube- 
rant matter  at  the  earth's  equator. 

Primary.  In  astronomy  signifies  the  planet  about 
which  a  satellite  revolves. 

Pritm.  A  triangularly  or  polygonally  shaped  piece 
of  glass  or  other  substance,  like,  a  three  or  more 
cornered  stick,  as /i^.  U. 


Pritm,  a  doubly  refracting.    A  prism  made  of  a 
doubly  refracting  substance,  as  Iceland  spar.' 
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PrUmaHe  eolouri.    The  colours  of  the  rainboiF. 

Proferted.    Thrown ;  transferred  by  means  of  lines. 

Prrjection,  A  line  or  surface  is  said  to  be  projected 
upon  a  plane  when  parallel  straight  lines  are 
drawn  from  every  point  of  them  to  the  plane. 
The  projection  of  an  orbit  is  therefore  its  day- 
light sliadow,  since  the  sun*s  rays  are  sensibly 
parallel. 

Prolate  spheroid,  A  solid  figure  something  like  an 
c-^gg-    Sec  Ellipsoid, 

Pulie,    A  vibration. 

Pyramid,  A  solid  bounded  by  a  base  having  several 
sides,  and  by  a  number  of  triangular  planes  whose 
summits  meet  in  one  point  called  the  apex,  as 
fig,  12. 

Fig,  1 2. 
A 


Pyrometer,    An  instrument  for  measuring  intense 
degrees  of  heat. 


Quadrant,  Ninety  degrees,  the  fourth  part  of  a 
circle. 

Quadrature,  A  celestial  body  is  said  to  be  in  qua- 
drature when  it  is  ninety  degrees  distant  from 
the  sun. 
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Quartz.  Rock  crystal;  a  silioeous  mineral  whose 
primitiye  form  is  a  rhomboid,/^.  14,  but  it  is 
generally  crystallized  in  six-sided  prisms  termi- 
nated by  six-sided  pyramids. 

Radiation,    An  emission  of  rays. 

Eadizis,  equatorial,  A  line  drawn  from  the  centre 
of  a  spheroid  to  its  equator. 

Radius,  polar.  A  line  drawn  from  the  centre  of  a 
spheroid  to  its  pole. 

Radius  of  a  sphere.  Any  straight  line  drawn  from 
the  centre  of  a  sphere  to  its  circumference. 

Radius  vector.  The  imaginary  line  joining  the 
centre  of  the  sun  and  the  centre  of  a  planet  or 
comet,  or  the  centre  of  a  planet  and  that  of  its 
satellite,  as  s  m,flg.  8. 

Ratio.  A  fraction  expressing  the  relation  which  one 
quantity  bears  to  another.  Proportion  is  the 
equality  of  ratios. 

Rectangle.  A  four-sided  plane  figure,  in  which  all 
the  angles  are  right  angles,  and  its  opposite  sides 
equal  and  parallel.  When  all  the  sides  are 
equal,  it  is  a  square. 

Reflection.  The  bending  back  of  rays  of  light  or 
sound  from  a  surface.  The  angles  made  by  the 
rays  with  a  perpendicular  to  the  surface,  in 
coming  and  going,  are  equal.  If  the  ray,  s  i, 
ifig,  9)  be  reflected  by  a  surface  a  b,  in  the  di- 
rection I  R,  then  the  angle  s  i  p  is  equal 
to  R  1  p.. 
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B^firacthn.  The  bending  or  breaking  of  a  ray  of 
light  in  posting  throogh  media  of  different  densi- 
ties, as  in  going  from  air  into  water  or  glass, 
and  the  contrary.    If  6  ^  ijlg.  13.)  be  a  re- 

Fig.  1 3. 


O  £ 


fracting  medium,  as  a  piece  of  glass,  then  s  i  is 
the  incident,  and  i  o  the  refracting  ray. 

Refraction,  ordinary.  Light  is  said  to  suffer  ordinary 
refraction,  when  both  the  incident  and  refracted 
rays  are  in  a  plane  at  right  angles  to  the  re- 
fracting surface.  This  plane  is  called  the  plane 
of  ordinary  refraction,  and  the  refracted  ray  is 
named  the  ordinary  ray. 

Refraction,  extraordinary.  Light  is  said  to  suflTer 
extraordinary  refraction,  when  it  is  refracted  in 
a  different  plane  from  that  of  ordinary  refraction. 
The  plane  in  question  is  called  the  plane  of 
extraordinary  refraction,  and  the  ray  so  refracted 
is  named  the  extraordinary  ray.  In  Iceland 
spar,  and  other  doubly  refracting  substances, 
with  one  optic  axis,  the  incident  ray  is  split  into 
two,  one  of  which  suffers  ordinary,  and  the  other 
extraordinary  refraction,  but  in  all  doubly  re- 
fracting substances,  having  two  optic  axes,  both 
rays  suffer  extraordinary  refraction. 
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ReHilttng  force.  The  force  resulting  from  the  joint 
efibets  of  a  number  of  forces. 

Retrograde  motion  of  a  celestial  body.  Its  motion 
from  east  to  west,  or  contrary  to  the  signs  of  the 
zodiac. 

Revolution  of  a  planet.    Its  motion  round  the  sun. 

Revolution,  sidereal.  The  consecutive  returns  of  a 
planet  to  the  same  star. 

Revolution,  tropical.  The  consecutive  returns  of  a 
planet  to  the  same  tropic  or  equinox. 

Rhomb.  A  plane  four-sided  figure,  whose  opposite 
sides  are  equal  and  parallel,  but  all  its  sides  are 
not  equaU  nor  are  its  angles  right  angles. 

Rhomboid  or  rhombohedron.  A  soUd  formed  by  six 
I^anes;  the  (^posite  planes  being  equal  and 
similar  rhombs  parallel  to  one  another,  but  all  the 
planes  are  not  necessarily  equal  nor  similar,  nor 
are  its  angles  right  angles  {Fig,  14.) 

Fig,  14. 


Rotation,    The  motion  of  a  body  round  an  axis. 


Sauti  or  Snurians.    Reptiles  of  the  lizard  kind,  as 

crocodiles. 
Secular  inequalities.    Variations*  in  the  motion!!  <^ 
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the   heavenly  hodies,  requiring  many  ages  for 
their  accomplishment. 

Sidereal  day.  The  time  included  hetween  two  con- 
secutive transits  of  the  same  star  at  the  same 
meridian. 

Sidereal  year.  The  time  included  hetween  two  con- 
secutive returns  of  the  sun  to  the  same  star. 

Siite,  The  perpendicular  drawn  ftom  the  extremity 
of  an  arc  to  the  diameter  of  a  circle,  c  d,  (Jig,  5,) 
is  the  sine  of  the  arc  c  b. 

Solstices,  The  points  in  which  the  sun  is  farthest 
from  the  equator. 

Solar  spectrtim.  The  coloured  image  of  the  sun 
refracted  through  a  prism. 

Sp<ice,  The  houndless  region  wiiich  contains  all 
creation. 

Species  of  plants.    Plants  of  the  same  kind. 

Sphere,  A  solid  formed  by  the  rotation  of  a  semi- 
circle about  its  diameter. 

Spheroid  of  revolution,  or  Ellipsoid,  A  solid  formed 
by  the  revolution  of  an  ellipse  about  one  of  its 
axes.  The  spheroid  will  be  oblate  or  prolate,  ac- 
cording as  the  revolution  is  performed  about  the 
minor  or  major  axis  of  the  ellipse.  Spheroids 
are  sometimes  irregular  in  their  form. 

Spiral,  A  curve  like  a  watch  spring.  It  may  be  cir- 
cular, like  a  thread  wound  about  a  round  rod ;  or 
elliptical,  like  a  thread  winding  about  an  oval 
stick. 

Stratum,    A  layer. 
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Subtend.  To  be  opposite.  In  Jig.  5,  the  arc  c  b 
subtends  the  angle  cab. 

Sulphate  qflime,  A  mineral  capable  of  being  spht 
into  thin  trahsparent  plates  :  it  consists  of  32 '  7 
of  lime,  46*3  of  sulphuric  acid,  and  21  of  water. 

Synodic  revoltttion  qf  the  moon.  The  time  between 
two  consecutive  new  or  full  moons. 

Syzygies,  The  points  in  the  moon's  orbit  where  she 
is  new  or  full. 

Tangent.  A  straight  line  touching  a  curve  in  one 
point,  as  T  /  in  fig »  2. 

Tangential  force.    A  force  in  the  direction  of  the 

tangent. 
Time,  true.    Time  shown  by  a  dial,  or  apparent 

time. 

Timet  mean.  Time  shown  by  ordinary  clocks  and 
watches. 

Thermo-electric  currents^  Streams  of  electricity,  ex- 
cited by  heat 

Transit.  The  passage  of  a  body  iu;ross  the  meridian 
of  a  place. 

Trandt  of  Venus  and  Mercury.  The  apparent  pas 
sage  of  these  planets  across  the  sun's  disc. 

Trigonometrical  measurements.  Mensuration  of  the 
surface  of  the  earth  by  a  series  of  triangles. 

Tropical  year.  The  period  between  the  consecutive 
returns  of  the  sun  to  the  same  tropic  or  solstice. 

Tru£  distance.  The  actual  distance  of  a  body  from 
the  sun,  or  of  a  satellite  from  its  planet. 
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UndukUinn,    A  wave. 


Undu/atory  theory.     The  mechanical  principles  of 
the  motion  of  waves. 


Vapour.    Steam. 

Variation,    A  periodic  inequality  in  the  motion  of 
the  moon. 

Variation  qf  the  compass.  The  deviation  of  the 
compass  needle  from  the  true  north. 

Vertical.    The  direction  of  the  plumh-line. 

Vertical  plane.  A  plane  passing  through  the  plumb- 
line,  consequently  at  right  angles  to  the  horizon. 

Vesicles.    Small  hollow  spheres  of  water. 

Vibration.    A  motion  to  and  fro. 

Visual  ray.  A  ray  of  light  coming  from  any  object 
to  the  eye. 

Voltorelectric  induction.  The  disposition  of  elec- 
tric currents  to  produce  similar  currents  in  bodies 
near  them  capable  of  receiving  them. 


INDEX. 


Aberration  of  light,  31 

Acceleration  of  the  moon, 
39 

Action,  compound  and  dis- 
turbed, of  the  spheres,  12 

Air,  elasticity  of,  90 

Airy,  Professor,  218, 225 

Algffi,  279 

Algol,  the  star,  388 

Alps,  the,  273 

Amazons,  river  of  the,  117 

Andes,  the,  134 

Arabian  science,  108 

Arago,  M.,  135, 219, 266, 341 

Arcs  of  the  meridian,  mea- 
surement of,  54, 56 

Asia,  north-west  basin  of, 
133 

Astronomy,  physical,  1 ;  di- 
visions of  the  science  of, 
68,96 

Astronomical  tables,  68 

Atmosphere,  the,  123,  129, 
130,  137,163,296 

Attraction,  its  power  uni- 
versal, 1 


'■  and  repulsion,  elec- 
trical, 29 1,  354 

,  capillary,  123,  125 


Aurora  Borealis,   172,  299, 
323 

Axis  of  the  earth,  59 
Bacon,  33' 
Barometer,  the,  131 
Battery,  voltaic,  304,  355 

,  galvanic,  305 

Biot.  M.,  214,  348 
Birds,  283 

Black,  or  Negro,  284 
Bradley,  Dr.,  94 
Caesar,  Julius,  100 
Caloric,  rays   independent 
of  light,  228, 232 

from  aU  substances, 

239, 

diffusion,  240 

■  combustion,  241 

Catalogue  of  stars  by  Her- 
schel,  392 

Celestial  bodies  how  seen, 
164;  phenomena  of  re- 
fraction, 167 ;  atmos- 
pheres of,  252 

Centrifugal  force  opposed 
to  the  law  of  gravity,  49, 
52  ;  its  action  on  the  sea, 
121 

Chaldeans,  observations  by 
the,  37,  40 
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IMDBX. 


Chimborico,  Mount,  56 

China,  observmtiont  made 
in,  104 

Cbladni,  experiment  of,  147 

Christian  era,  the,  100 

Chronology  of  the  visible 
heavens,  389 

Qimate,  257,267,271 

Coal,  83 

Cold,  264,  266 

Colours,  prismatic,  172  et 
mq.;  of  the  stars,  393 

Columbus  andLerius,  280, 
314 

Comets,  theory  of,  and  de- 
scription of  Encke's  and 
other  remarkable  comets, 
67,  359  to  383 

Compass,  the  mariner's,  3 13, 
330 

Compression,  doctrine  of, 
90 

Conductors,  electrical,  294, 
298 

Conjunction  of  planets, 
dates  of,  46 

Connexion  of  the  physical 
sciences,  conclusion,  413 

Constellations,  motion  and 
revolution  of,  391 

Crystal,  212 

Crystallization,  235,  243, 
308 

Curvature  of  the  earth,  54 

Day,  the  solar,  97 

— ,  divisions  of,  98, 107 

Dew,  phenomenon  of,  240 

Diameters  of  the  sun  and 
planets,  67 
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Diaphanous  bodies,  213 

Distances  in  the  universe 
calculated,  47,  48,  66 

Dynamics,  principles  of,  81; 
the  theory  of,  411 

Ear,  the,  142,  148 

Earth,  its  rotation  uniform, 
21,80 ;  its  circumference, 
57 ;  its  fires,  and  heat 
from  the  sun,  82,  85 ; 
eccentricity  of  orbit,  85  ; 
whether  cavernous,  90 ; 
theories,  95,  370 

Earthquakes,  the  noise  of, 
151 

Echo,  150 

Eclipses,  comparison  of,  37, 
40 

description  of  lunar, 

of  Jupiter's  satellites 

is  chronometricai,  30 

Ecliptic,  the,  94,  103 

,  variation  of  the,  20 

Egyptians,  astronomy  of 
the,  105 

Elastic  bodies,  vibrations  of, 
153 

Electricity,  science  and  phe- 
nomena of,  151,  285  et 
seq.  303,  353 

Electrics,  Non^  289 

Electro-magnetism,  324,330, 
340,  343 

Elevation  of  the  earth  at 
the  equator,  51,  59 

*  Ephemeris,'  the,  47 

Equator,  the,  50, 94,  265, 31 1 

Equinox,  vernal  and  au- 
tumnal,  41 
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Eras  and  chronology,    100, 

103 
Ether,  all-pervading,  359 

Ethereal  medium,  the,  192, 

217 
Eudoxus,  105 

Existence,  grades  of,  234 

Faraday,  Mr.,  325,  336, 340, 

356 
Figure  of  the  earth,  48,  54  • 

106 
Fire,  production  of,  241 

Flora,  reign  of,  273, 277 

Fluids,  properties  of,   214, 
219,  235,  249 

Forests,  influence  of,  264 

Fresnel,  M.,  216,  218 

Frost,  hoar,  240 

Galvanism,  300  et  seq.  345 

Galvanometer,  351 

Geology,  83 

Glass,  musical  vibrations  of, 
157 ;  prismatic  phenome- 
na, 172,  188 ;  relraciion 
and  polarization  ut  light 
bv,  203,  216;  imperme- 
able to  rays  of  solar  heat, 
229,  232 

Gravitation,  410 

Gravity,  variation  in,  50 

Gymnotus  electricus,  357 

Heat,  the  earth's,  82 ;  solar 
radiation,  84,  228,  238; 
of  the  atmosphere,  132; 
theory,  244 

Herbarium,  Tartar,  275 

Herschel.  Sir  William,  79, 
228,236,384,392,397 

,  Sir  John,   147,  195, 

386,  391,  398 


Herschel,     Miss   Caroline. 
398 

Hipparchus,  93 

Horizon,  its  density  of  at- 
mosphere, 171 

Horoscopes,        accordance 
v^ith  astronomy,  106 

Humboldt,  Von,  132,  134, 
146,  258,  280,  348 

Ice,  formation  of,  83 ;  thaw, 
247,  271 

Icebergs,  '23 

Indians,  their  lunar  tables, 
104 

Inequalities,  secular  and 
periodic,  17 

Insects,  283 

Interferences,  laws  of,  152, 
57,  184 

Iron,  321 

Isothermal  lines,  the,  267, 
269 

Italy,  the  north  of,  56 

Ivory,  Mr.,  investigations 
by,  49,  56 

Jupiter,  the  revolution  of, 
17,  24;  satellites  of,  38, 
79 ;  magnitude  of,  67 ; 
density,  96 

Kater,  Captain,  106 

Kepler,  theory  of,  7,  18,  64, 
74,  362 

La  Grange  on  Periodical 
Inequalities,  21 

Language,  its  vocal  articula- 
tions imitated  by  instru- 
ments,  162;  primitive 
tongues,  284 

Lbl  Place,  22,  37,  73,  101, 
103,  1 15,  135 


eipwrimenta   in 
optict,  239—233 
Latitude,  degtect  or,  &4 

UjiIch)"  il,c,297.355 
Light,  mode  of  mmuring 
iU  traniit,  3]  i  id  uni. 
lo^wilhwund,  14B;  at- 
minptwrieBclionon,  163; 
th«  lunhMm  kdd  priima. 
tic » peri mcnti,  172;  the 
Newtonian  tlieorji,  181; 
in  ethereal  medium,  19-^, 
21T  :  allied  with  raya  of 
caloric,  232 ;  from  calo- 
ric, 241,  3.S8 
-  it*  velocity  calcu- 

lated, 413 
Lightning,  297,  304 
M«t!"et,lhe,  30'J— 339 
Magnetic  pole,  the,  310 
Hagnetitm,  theory  of,  309, 

319-340 
Malui,  M..    optical   diico- 


Marine  pianti,  279 
Mws,  the  planet,  64,  254 
Matter  properties  of,  129 


Measurea,       standard        of 

weights  and,  106 
Mechanical      agents      and 

powers,  249 
Melloni,   M.,  experiments, 

230  el  seg. 
Mercury,  3i7 
,  the  planet,  255, 392 


HeridiiD,  terreatrial,  54 
Heridiaoi,  whether  ellipti- 
cal, 56  i  leoctii  of  ■  de- 
gree, 57 
Hetal*,  dilation  of,  243, 300 
Meteoric  stone*,  403, 40e 
Milky  way.  the,  66,  395 
Mirage  of  deserts,   69 
Homentum,  prifuitlTe  pla- 

MooD,the,Sl;  distanceof. 


,  luminoua  spots  of 


calculation    of  d 

47;    riimensions,    66,  68; 

theury  of  tides,  110 


Muscular  strength,  134 
Music,  elements  of,  155,157, 

159,  160  T  musical  atticu- 

latioD,  ICl 
Nature,   the  laws    of,  408, 


413 
Nautical  Almi 


Nebulae  ;   claaters  of  stars, 

nebulous,   and    of   great 

magnitude,  395,  397,  399, 

402,  4('4 

Needle,  the  magnetic,  310 

Newton,    J,  21,  50,  178    el 

'  OccultatloQ  of  stars,  46 
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Ocean,  density  of  the,  51, 
60 ;  of  the  Pacific,  88 ; 
tides,  108 

Optics,  172,  J79,  210,  223 

Orinoco,  cataracts  of  the, 
147 

Otaheite,  observations  by 
Cook  at,  64 

Pallas,  planet,  68 

Papyrus,  date  of  a  MS.,  106, 
115 

'Parallax,  definition,  61 

Parry,  Sir  Edward,  123,  310 

Pendulum,  oscillations  of 
the,  58—61,  106 

Perpetual  motion,  323 

Phases  of  the  moon,  42 

Phenomena  of  refraction, 
166  et  seq,;  prismatic, 
172,  188;  of  periodical 
colours,  223 

Plane  of  the  centre  of  gravi- 
tation, fixed,  22,  24 

Planetary  eclipses,  46 

Planets,  theory  of  the,  1 1 

,  their  masses,  66 

,  the  minor,  16, 68 

-,  orbit  varied,  1 1 

Plants  of  various  climes, 
276,  278 

Platina  wire,  340 

Poinsot,  theory  of  M.,  23 

Polarity  of  the  magnet,  317 

Polarization  of  light,  the, 
195,  207;  experiments, 
212,214,317 

Poles,  the,  83,  87 

of  miocimum  cold, 

268 


Precession  and  nutation. 
93,95 

Probabilities,  the  theory  of. 
71 

Problem  of  the  three  bodies, 
69 

Proportion,  law  of  definite, 
129 

Quadrupeds,  283 

Radiation,  principle  of,  239 

Rays  of  light,  163,  165,  198, 
220 

of  heat,  228—238 

Reflection,  phenomena  of 
luminous,  169,  170;  law 
of,  250 

Refraction  of  light,  164, 166; 
double  image,  199,  202 

Retina,  images,  accidental 
image,  and  imagination, 
180 

Richter*s  observations  at 
Cayenne,  61 

Rivers,  declension  in  the 
bed  of,  53,  80 

Ross,  Captain,  311 

Rotatory  motion,  325, 341 

'■  of  the  earth,  33;  of 

planets,  how  proven,  72 

Salt,  rock,  permeable  to 
rays  of  heat,  232 

Salt  and  sugar,  attraction 
or  absorption  by,  127 

Sap,  vegetable,  experiments, 
217 

Satellites,  law  of  planetary, 
7,26 

Saturn,  the  planet,  24 

— ,  description  of,  74, 96 

Scoresby,  Captain^  168 
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8M-wetd,  290 

Shadow  of  the  earth,  42 

8heU.flih,  283 

Shelli,  marine  aad  fossil,  86 

Sidereal  astronomy,  386-95 

Sight,  sense  of,  233 

Silence  of  the  night,  148 

Sirius,  385 

Solar  eclipses,  44 

Solstices,  the,  103 

Sound,  theory  of,  134,  137, 
224 

Snow,  perpetual,  260 

Space,  the  immensity  of,  407 

Spar,  Iceland,  199,  202 

Spectrum,  the  solar,  228^8 

Stars,  the  fixed,  23,  65,  333 ; 
magnitude  of  the  fixed, 
385 ;  first  observation 
made  of  some,  386;  some 
disappear,  and  at  certain 
periods  re-appear,  387  ; 
oinary  or  double  stars, 
392;  colours  of,  393 

Steam,  elasticity  and  ex- 
pansion, 248 

Sun,  the,  is  the  centre  of 
universal  gravitation,  7 ; 
distance  of,  47  ;  parallax 
of,  63  ;  rotation  of,  72 ; 
the  solstices,  103 ;  the 
sunbeam,  172 

Syrup,  physical  facts,  215 

Temperature,  observations, 
82,85,256,271,272 


Thermo-electricity,  356 

Thermometer,  the,  123,  125 

Thunder,  151 

Tides,  described,  108 

Time,  mean  solar,  98;  deci- 
mal division,  98,  107 

Torpedo,  the,  306, 356 

Tourmaline,  209,211 

Trade-winds,  the,  122,  135 

Universe,  the,  22, 374% 

Uranus,  his  satellites,^ ; 
distance  from  the  win,  64, 
253 

Vegetation  influenced  by  the 
decrease  of  temperature, 
272 ;  extraordinary,  273  ; 
comparison  of  various  ex  - 
amples  of,  274 

Velocity  of  light,  33,  187  ; 
of  sound,  id;  of  electri- 
city, 151 ;  of  coloured 
rays,  226 

Venus,  the  transits  of,  62 ; 
climate  of,  256 

Voltaic  electricit^r,  303, 332 
vibrations,    aerial,     141, 
224;  of  elastic  bodies,  152 ; 
of  sonorous  bodies,  154;  of 
light,  219 

Water,  a  conveyer  of  sound, 
145,  152 

Waves,  description,  1 1 8 

Week,   100 

Year,  the,  and  the  seasons, 
93,  97,  102 

Zinc,  oxidation  of,  300 
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